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wherein each symbol Is as defined in the specification, a pharmaceutically acceptable salt thereof and hydrates thereof. 
The compound of the formula (I) of the present invention is useful as a novel antipsychotic agent which Is effective lor 
both positive symptoms and negative symptoms of schizophrenia, which is associated with less side effects such as 
extrapyramidal motor disorder and the like and which is less associated with serious side effects such as agranulocyto- 
sis and the like. In addition, this compound is also useful as a therapeutic agent of Alzheimer^ d^se and manic- 
depressive illness. 
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Description 
Technical Field 

[0001] TTie present invention relates to condensed thiophene compounds useful for the treatment of schizophrenia. 
Alzheimer's disease, manic-depressive illness and the IB<e, phannaceutical use thereof and a synthetic Intermediate 
thereof. 

Background Art 

[0002] Schizophrenia is a mental illness having a high incidence of about 1% of the entire population. In most 
cases, convalescence is inferior and patients and their femilies are forced to suffer from a great burden over a long 
period of time. To avoid this, many stucfies have been done as to the etiology of schizophrenia, development of thera- 
peutic drugs thereof and the like. 

[0003] The first hypothesis proposed on the etiology of schizophrenia was an excess dopamine hypothesis. Based 
on this hypothesis, various compounds having a dopamine receptor inhibitory action have been developed as antpsy- 
chotic agents and achieved certain therapeutic effects. 

[0004] The conditions of schizophrenia include positive symptoms mainly showing delusion, hallucination and the 
like, negative symptoms mainly showing social withdrawal, emotional torpor and the like, recognition function disorder 
such as defects of memory, learning disability and the like, and the like. A so-called typical antipsychotic agent centering 
on inhibition of dopamine receptor is comparatively effective on positive symptoms but ineffective against negative 
symptoms and recognition function disorders. When a typical antipsychotic agent is used, extrapyramidal side effects 
(e.g., dystonia, akathisia. delayed dyskinesia and the like) are inevitably caused by the dopamine receptor inhibitory 
action. These difficulties suggest a limit on the devekipment of antipsychotic agent based solely on a so-called excess 
dopamine hypothesis. 

[OOOSf] In an attenpt to solve the above-mentioned problems, antipsychotic agents, namely, serotonin-dopamine 
antagonist (SDA), having a serotonin receptor inhibitory action as a main action, have been studied and developed 
instead of dopamine receptor inhibitory action. Representative antipsychotic agents of SDA include risperkione, Sero- 
quel and the like. However, the problems of poor effectiveness against negative symptoms and recognition function dis- 
order or extrapyramidal side effects have not been entirely overcome [American Journal of Psychiatry 151. 825 (1 994)]. 
[0006] One of the etiologic hypotheses of schizophrenia that have overtaken the excess dopamine hypothesis and 
the serotonin/dopamine hypothesis is a functional depression of glutamic add nerve hypothesis [Trends in Neuro- 
science 13, 272 (1990)]. This h)^hesis has been supported by the facts that (1) phencydidine (POP) which is an 
inhibitor of NMDA (N-methyl-D-aspartk: add) redder induces mental conditions in human that are similar to schizo- 
phrenia with positive symptoms and negative symptoms [American Journal of Psychiatry 1 35. 1 081 (1 978), ibid. 1 48, 
1301 (1 991)]. (2) cereal cortex of schizophrenia patients shows lower reactivity of glutamic add nervous system [Neu- 
rosdence Letters 121, 77(1991)]. (3) the number of NMDA receptors also present in the glutamic add nervous system 
shows compensatory increase [Ufe Sdence 55, 1683 (1994)], (4) NMDA receptor agonists, such as glycine. D-cydo- 
serine and the like, are effective for ameliorating the negative symptoms of schizophrenia [British Journal of Psychiatry 
169, 610 (1996). Amerrcan Journal of Psychiatry 152, 1213 (1995), ibid. 151, 1234 (1994)]. and the like. 
[0007] Clozapine and olanzapine are atypical antipsychotic agents characterized by their effecdv^ess against 
positive symptoms as well as negative symptoms of schizophrenia [Psychopharmacdogy 63, 51 (1992), Neuropsy- 
chopharmacology 14, 111 (1996)]. These atypical antipsychotic agents suppress abnormal behaviors induced in test 
animals [Psychopharmacology 120, 67 (1995), ibid, 129, 79 (1997), Pharmacology. Bk)chemistry and Behavior 47, 579 
(1994)] and abnormal physiological function [Psychopharmacology 111, 339 (1993). Journal of Pharmacology and 
Experimental Therapeutics 271, 787 (1994)] by the functional depression of the glutamic add nervous system by 
NMDA receptor inhibitors such as POP and MK-801 (dizodlpine maleate), and their inhibitory capability is frequently 
stronger than thai of typical antipsychotic agents. In other words, the superior clinical effects of the atypkal antipsy- 
chotic agent may be ascribed to ameikiration of functional depression of glutamic acid nervous system in addition to 
conventional dopamine receptor inhibitory action and serotonin receptor inhibitory action. 

[0008] Ihe neurophysiological function abnormalities induced by an NMDA receptor InhifcHtor indudes NMDA 
receptor inhibitor-induced neurotoxicity [Archive of General Psychiatry 52, 998 (1995)], and MK-801 -induced neurotox- 
icity has been studied profoundly. This neurotoxic action can be inhtbrted by varioius antipsychotic agents, wherein the 
inhibitory action is stronger in clozapine and olanzapine that are atypical antipsychotic agents ti^n in haloperidol and 
the like tiiat are typical antipsychotic agents [Schizophrenia Research 15. 57 (1 995). ibid. 21 . 33 (1996)]. Using this MK- 
801 -induced neurotoxic action as an index, an antipsychotic agent having an ameliorating action of functional depres- 
sion of glutamic add nervous system, that Is one of the characteristics of clozapine and olanzapine, can be screened 
for In addition, an MK-801 -induced neurotoxic action is also considered a model of recognition function disorder 
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observed in various diseases such as Alzheimer's disease and the like prain Research ^ Brain Research Reviews. 
20. 250-267 (1995)]. and a compound capable of inhibiting this neurotoxicity Is also effective as a therapeutic drug of 
Alzheimer's disease, manic-depressive illness and the like. 

[0009] Meanwhile, the use of clozapine is lintited, since it Induces serious agranulocytosis, thougn it also shows 
5 superk>r antipsychotic action [New England Journal of Medicine 324. 746 (1991 )]. Reduction of the possibility of side 
effects is also an important aspect in developing an antipsychotic agent A report has been recently documented that a 
cation radical generated as a metabolitic intermediate of cbzapine may be involved in the mechanism of onset of agran- 
ulocytosis [CNS » Drugs 7. 139 (1997}]. It is significant, therefore, to inhibit generaton of cation radical to avoid the 
onset of agranulocytosis. 

10 [0010] Heretofore, there are various reports on suitable modification of the chemical structures of clozapine and 
olanzapine. For example. WO95^17400. W096/18621. W096/18623. W096/18629. WO96/18630 and W096/19479 
disctosedibenzoxazepine compound. Japanese Patent Examined Publication Nos. 42-24513. 42-2451 4. 43-27404. 45- 
20909. 45-6822. 46-29861. 48-34599 and 49-40236. and Japanese Patent Unexamined Publication No. 47-4425 dis- 
close dibenzQxazepine or dibenzothiazepine compound. WO93/07143 discloses pyridobenzoxazepine compound, 

15 Journal of Heterocyclic Chemistry 31 . 1053 (1994) discloses thienobenzoxazepine compound, and Japanese Patent 
Unexantined Publicatk)n No. 63-8378 discloses dibenzothiazapine compound. 

[001 1 ] In addition, benzothiophene compound is disctosed in. for example. Japanese Patent Unexamined Publica- 
tion Nos. 52-87196 and 51-76296 with regard to 1 ,2,3.4-tetrahydrobenzothieno[2,3-b][1 .^benzodiazepine derivative. 
[001 2] However, these compounds have remotely overcome the proUems of effectiveness against negative symp- 
20 toms and recognition function disorder, extrapyramidal side effects and the like, and activation of function of glutamic 
acid nen/ous system of the compounds of clozapine and olanzapine having suitably modified chemical structures has 
not been reported. 

IMsdosure of the Invention 



[0013] The present inventors took note of the glutamic acid nervous functional depression hypothesis, and con- 
ducted intensive studies in an attempt to devek)p a conrpound which amelk>rates positive synptoms as wen as negative 
symptoms of schizophrenia and recognition function disorder, and which is free of serious skie effects such as extrapy- 
ramkial disorders, agranulocytosis and the lika As a result, it has been found that the condensed thiophene compound 

30 of the formula (I) has superior dopamine receptor inhibitory action and glutamic add nervous system function depres- 
sion-ameliorating action, shows anti-methanphetamine action, anti-apomorphine action, conditioned avoidance 
response inhibitory action, MK-801 -induced neurotoxicity inhibitory action, MK-801 disaimination antagonistic action, 
clozapine discrimination generalization action and the like in test animals such as mouse, rat and the like, and is useful 
as an antipsychotic agent; that the compound shows less side effects in ttie extrapyranrudal system, such as catalepsy 

35 induction and the like; and that a reaction intermecfiate con^esponding to the cation radical intermediate considered to 
cause agranulocytosis induced by clozapine was not detected when the reaction intermediate was analyzed by an ESR 
spectrum, i^ing oxydation of the compoiHid of the formula (0 by horseradsh peroxidase as a model reaction of the 
metabolitic reaction of this conpound, which resulted in the completion of the present invention. 
[0014] It is therefore an object of the present invention to provide a condensed thiophene conrpound useful as a 

AO therapeutic agent for schizophrenia and the like and an important synthetk; intemiediate therefor. The condensed thi- 
ophene corrpound of the formula (0 is also useful as a therapeutic agent for Alzheimer's disease and nfianiodepressive 
illness. 

[001 5] Accordingly, the present invention provides the foDowing. 
45 (1) A condensed thiophene conpound of tiie formula (1) wherein 
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Raand Rb are the same or different and each Is hydrogen, alkyl. cycloalkyl. acyl, alkenyl, aryf. heteroaryl. 

arafkyL alkoxy, hydroxyalkyi, aminoafkyi, monoalkylaminoalkyi. dialkyfaminoalkyl, alkoxyalkyl. acy- 
loxyalkyi, acylaminoalkyi, hak>gen, alkyi haRde or nitro, or Ra and Rb in conjunction may form a ben- 
zene ring or cyclohexene ring optionally having substituents R\ P? wherein R\ R^ are the same or 
different and each Is hydrogen, alkyl. alkoxy, hydroxy! or halogen; 

X is NH, O, S, SO, SO2 or N-R"* wherein R'* is alkyl, provided that when X is NH, Ra and Rb in conjunc- 

tion form a benzene ring optionally having substituents , R^, and when X is S. SO or SO2, Ra and 
Rb in conjunction form a benzene ring or cydohexene ring optionally having substituents R\ R^; 

ring A is a benzene ring having 1 to 4 the same or different substituents thereon selected from the group 
consisting of alkyl, cyctoalkyl. alkoxy, alkoxyalkyl. hatogen, alkyl halide, nitro. aminoi monoalkylamino, 
dialkylanvno, acytamino, hydrQxyl and cyano or a benzene ring without a substituent; and 

R^ is a group of the formula (1). formula (2). formula (3), formula (26). formula (27). formula (28), formula 

(29) or formula (30) 

''^N-ftN/'^ -»f^N-*. -/T^^^ 

\ le W 

Ul P) (3| 



129) 130) 

in the formula (1 ). formula (26), formula (27) and formula (30). R^, R^ and R^ are the same or different 
45 and each is hydrogen, alkyl. cyck)alkyl. aryl. heteroaryl, aralkyl. hydroxyalkyi. hydroxyalkoxyalkyl. 

aminoalkyl. monoalkylaminoalkyi, dialkylaminoalkyi or alkoxyalkyl and a is an integer of 2-4. in the for- 
mula (2) and formula (28). R^ is hydrogen, alkyl. cydoalt^. aryl, heteroary). aralkyJ. hydroxyalkyi, 
hydroxyalkoxyalkyl, aminoalkyl. monoalkylaminoalkyi. dialkylaminoalkyi, acyl. alkoxycartXMiyl or 
alkoxyalkyl. b is 1 or 2. 

so provided that the combination of X is O and R^ is aralkyl is excluded and when X is O, alkyl of alkyl. 

hydroxyalkyi or alkoxyall^ at R^ has 1 to 4 carbon atoms. 

in the formula (3) and formula (29). R^ is hydrogen, alkyl, cycloalkyl. aryl. heteroaryl, aralkyl, hydroxy- 
alkyi. hydroxyalkoxyalkyl, aminoalkyl, monoalkylaminoalkyi. dialkylaminoalkyi. acyl. alkoxycarbonyl or 
alkoxyalkyl. 



SS 



or a phannaceutically acceptable salt thereof or a hydrate thereof. 

(2) The condensed thiophene compound of (1) above, wherein the formula (I) is formula (lA) 
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is NH. O. S. SO. SO2 or N-R"* wherein R^ is alkyl; 

are the same or different and each is hydrogen, alkyl. alKoxy. hydroxyl or halogen; 

is a benzene ring having 1 to 4 the same or different suk>stituents thereon selected from the group 

consisting of alkyl, cycloalkyi. alkoxy; alkoxyalkyl, halogen, alkyl halide. nitro. amino, monoalkylamino. 

cfialkylamino, acylamino. hydroxyl and cyano or a benzene ring without a substituent; 

is a benzene ring wherein the bond shown by a dotted line and a solid line is a douk)le bond or a 

cydohexane ring wherein said bond is a single bond, provided that when X is NH, the bond shown by 

a dotted line and a solid fine is not a single bond; and 

is a group of the formula (1)» formula (2), formula (3), fbmfiula (26), formula (27). fonnula (28). formula 
(29)orfbmiula(30) 



N-'-^^N^" ^ N—R* 



30 



m 



(2) 



(3) 



35 



40 



N 



(26| 



r *H — ^r" 
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(29) 



(30) 



in the formula (1). formula (26). formula (27) and formula (30). R^. R^ and are the same or different 
and each ^ hydrogen, alkyl. cydoalkyl. aryl, heteroaryl, aralkyi, hydroxyalkyl, hydroxyalkoxyalkyl. 
aminoalkyi, monoalkylaminoalkyl. dialkylaminoalkyi or alkoxyalkyl and a is an integer of 2-4. in the for- 
mula (2) and formula (28), R^ is hydrogen, alkyl, cydoalkyl, aryl. heteroaryf. aralkyi, hydroxyalkyl. 
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hydroxyalkoxyalkyi, aminoalkyi, monoalkylaminoalkyi, dialkylaminoalkyi, acyl, atoxycartonyl or 
aJkoxyalkyI, b Is 1 or 2. 

in the formula (3) and formula (29). is hydrogen, alkyl. cydoalkyl. aryl. heteroaryl. aralkyi, hydroxy- 
alkyl. hydroxyalkoxyalkyi, aminoalkyl. monoalkylaminoalkyi. dialkylaminoalkyi. acyl, alkoxycarbonyl or 
alkoxyalkyl, 

or a pharmaceutically acceptable salt thereof or a hydrate thereof. 

(3) The condensed thiophene compound of (2) above, wherein the ring B is a benzene ring wherein the bond 
shown by a dotted line and a solid line is a double bond, or a pharmaceutically acceptable salt thereof or a hydrate 
thereof. 

(4) The condensed thiophene compound of (2) above, wherein X is NH. O or S. and R^ are the same or different 
and each is hydrogen, halogen, alkoxy or alkyl, the ring A is a benzene ring having 1 to 4 the same or different sub- 
stituents thereon selected from the group consisting of alkyl. alkoxy, halogen and alkyl halide. or a benzene ring 
without a substituent, the ring B is a benzene ring wherein the bond shown by a dotted line and a solid line is a dou- 
ble bond, and R^ is a group of the formula (2) wherein R^ is hydroxyalkoxyalkyi. methyl or ethyl and b is 1 , or a phar- 
maceutically acceptable salt thereof or a hydrate thereof. 

(5) The condensed thiophene compound of (2) above, wherein X is NH, and R^ are the same or different and 
each is hydrogen, halogen, alkoxy or alkyl. the ring A is a benzene ring having 1 to 4 the same or different substit- 
uenls thereon selected from the group consisting of alkyl. alkoxy, halogen and alkyl halide, or a benzene ring with- 
out a substituent, the ring B is a benzene ring wherein the bond shown by a dotted line and a solid line is a double 
bond, and R^ is a group of the formula (2) wherein R^ is methyl or ethyl and b is 1 . or a pharmaceutically acceptable 
salt thereof or a hydrate thereof. 

(6) The condensed thiophene compound of (2) above, which is a merrtber selected from the group consisting of 

12-(4-methylpperazin-1.yl)-6H-[1Jbenzothieno[2,3-b][1.5}ben2odiazepine. 
8^luoro-12-(4-methylpiperazin-1 -yl)-6H-[1 ]benzothieno[2.3-b]I1 .^benzodiazepine. 
8-methyl-12-(4-methylplperazin-l -yl)-6H-[1]benzothienoI2.3-b][1 .SJbenzodiazepine. 
8-chloro-12-{4-methylpiperazin-1-yl).6H-[1Jbenzothienop,3-b][1.5]benzodiazepine. 

8- Uomo-12-(4-methylpiperazin-1-yO-6H-[1]benzothieno[2.3-bI1.5Jben^ 
94luoro-12-{4-methylpiperazin-1 -yl)-6H-[1]benzothieno[2,3*][1 .5]benzodiazepine, 

9- methyl-12-(4-methylplperazin-1 -yl)-6H-[1]benzothienoI2.3-b][l .^benzodiazepine. 
9-chloro-12-(4-methylpiperazin-1 -yl)-6H-[1 jbenzolhieno[2.3-b][1 .^benzodiazepine, 
9-bromo-12-(4-methyIpiperazin-Vyl)-6H-[1]benzothieno[2.3-b][1.qbenzodlazeplne, 
9-methoxy-12-(4-methylpiperazin-1 -yl)-6H-[l]benzothieno[2,3-b][1 ,5]benzodiazepine. 
8,Mifluoro-12-(4-metrylpjperazin-1-yl)-6H-[1]benzothieno[2.3-b][1.5^ 
8.10<lifluoro-12-(4-methylpipera2in-1-yl).6H-[1]benzofhienoI2,3-b]I1,5I^ 
3-methyl-12-(4-methylpiperazin-1-yl)-6H-[1]benzothieno[2.3-b][1,5I^ 
8-fluofO-3-methyl-12-(4-methyfpiperazin-1-yl)-6H-[1]benzothieno[2,3-b][1.qbenzodiaz^^^ 

2- methyl-1 2-{4-methylplperazin-l -yl)-6H-Il ]ben2othieno[2.3-b][l .^benzodiazepine, 

8-f luoro-2-methyl-i 2-(4-methylpiperazin-l -yl)-6H-[l]benzolhieno[2.3-b][1 .^benzodiazepine, 

3- mBthoxy-l2-{4-methylpiperazin-l -yl)-6H-[l Jbenzothieno[2.3-bJ[l .Sjbenzodiazepine. 
8-fluoro-3-methoxy-12-(4-methylpiperazin-1-yl)-6H-[1Ibenzothleno[2.3-b]I1,5Ibenzodiazepi 
8.9-cfichloro-12-(4-fnelhylpiperazin-l -yl)-6H-[ip3en2othienoI2.3-bII1 .qbenzodiazepine, 
7,8-dichloro-1 2-(4-methylpiperazin-1 -yl)-6H-[1 Jben20lhieno[2,3-bI[1 .SjDenzodiazeplne. 
3-bromo-8-^luoro-12-{4-methylplpera2in-1-yl)-6H-[l]benzothieno[2.3-bI[1 .SJbenzodiazepine. 
3-fluoro-12-(4-methylpipera2in-1.yl)-6H-[1]benzothieno[2,3-b][1.5]ben2odiazepine. 

3- chloro-1 2-{4-methylpiperazin-1 -yl)-6H-[1]benzothienot2,3-b][1 .5]benzodiazepine. 
1 -methyl-1 2-(4-melhylpipera2in-1 -yl)-6H-[1]benzothienoI2.3-b)[1 .^benzodiazepine. 

4- methyl-1 2-(4-methylpiperazin-1 -yI)-6H-[1]benzothieno[2,3-b][1 .SJbenzodiazepine, 
3,8<lifhjoro-1 2-(4-methy[piperazin- 1 -yl)-6H-[1 ]benzothieno[2.3-bJI1 .SJbenzodiazepine. 
3-fluoro-8-methyl-12-(4-methylpiperazln-1-yl)-6H-[1Jbenzothieno[2.3-bJ[1.qbe^ 

l2-(4-ethylpiperazin-l-yl)-8-fluoro-6H-[1]benzothieno[2,3-b][1 .SJbenzodiazepineor a pharmaceutically accept- 
able salt thereof or a hydrate thereof. 

(7) A pharmaceutical agent comprising a condensed throphene conpound of fomiula (lA) or a pharmaceutically 
acceptable salt thereof or a hydrate thereof, a pharmaceutical composition comprising said compourxJ and a phar- 
maceutically acceptable additive, and an antipsychotic agent comprising, as an active ingredient, a compound of 
the formula (lA). 
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(8) A benzothiophene oompound of the formula (IIA) 




wherein X is NH. O. S. SO, SOg or N-R"* wherein is alkyl, and R^ are the same or different and each is hydro- 
IS gen. alkyi, alkoxy, hydroxyl or halogen, ring A is a benzene ring having 1 to 4 the same or different sut)sti1uents ther- 
eon selected from the group consisting of alkyl. cydoalkyl, alkoxy. alkoocyalkyl. halogen, alkyl halide. nitro. amino, 
monoalkylamino, dialkylamino. acylamino, hydroxyl and cyano or a benzene ring without a substituent. and ring B 
is a benzene ring wherein the bond shown by a dotted line and a solid line is a double bond or a cydohexane ring 
wherein said bond is a single bond, provided that when X is NH. the bond shown by a dotted line and a solid line 
20 is not a single bond, which is an important intermediate for the synthesis of the of compound of the formula (lA). 

(9) A benzothiophene compound of (8) above, wherein X is NH. O or S. R^ and R^ are the same or different and 
each is hydrogen, halogen, alkoxy or alkyl. the ring A is a benzene ring having 1 to 4 the same or different substit- 
uents thereon selected from the group consisting of alkyl. alkoxy. halogen, hydroxyl and alkyl halide, or a benzene 
ring without a substituent. and the ring B is a benzene ring wherein the bond shown by a dotted line and a solid line 

2S is a double bond or a cydohexane ring wherein said bond is a single bond, provided that when X is NH, the bond 
shown by a dotted line and a solid line is not a single bond. 

(10) The benzothiophene conrpound of (8) above, which is a member selected from the group consisting of 

6H-[1]benzothieno[2,3-b][1 .5lbenzodlazepin-12(1 1 H)-one. 
30 8-fIuoro-6H-Il]benzothienoJ2.3-b][1.5Iben20diazepin-12(1lH)-one. 

8-chloro-6H-[1]benzothieno[2,3-b]I1 .5lbenzodiazepin-12{1 1 H)-one. 
8-bromo-6H-I1]benzothieno[2.3-bl[l ,qben20dia2epin-12(1 1 H)-one. 

8- methyl-6H-[1Ibenzothieno[2,3-b]I1 .51benzodiazepin-12(1 1 H)-one. 

9- fluoro-6H-[1 JbenzothienoI2.3-bl[1 ,5Ibenzodiazepin-1 2(1 1 Hy-one. 
3S 9K:hloro-6H^lIben2athieno[2.3-b][l,5Ibenzodiazepin-12(1lH)^^ 

94)romo-€H-I1]benzothieno(2.3-b][1 .5Iben2odiaz^n-12(11 H)-one. 

9-methyl^H-[11benzothienoI2,3-b][1 .5]benzodiazeprn-12(1 1 H)-one. 

9-fnethoxy-6H-[1]benzothienoI2,3-b][1 ,5]benzodiazepjn-12{1 1H)-one. 

8.9-dif luoro^H-[i]benzothieno[2.3-b][l .5p>enzodiazepin-l 2(1 1 H)-one, 
40 3-methyl-6H-[iIbenzothieno[2.3-bl[1 ,5|benzodiazepin-12(l 1 H)-one. 

84luoro-3-methyl-6H-tllbenzothieno[2,3-blIl .qbenzodiazepin-1 2(1 1 H)-one, 

3-melhoxy-6H-[1]benzothieno[2.3-b]I1 .5]benzodiazepin-1 2(1 1 H)-Gne. 

8-fluoro-3-methoxy-6H-{1]benzothieno[2,3-b]I1 .5Jbenzodiazepin-1 2(1 1 H)-one, 

2-methyl-6H-l1]benzothieno[2,3-b][1 .5]benzodiazepin-12(1 1 H)-one. 
45 8-fluoro-2-methyl-6H-[l Jbenzothieno[2,3-bI1 .5Ibenzodiazepin-12(1 1 H)-one. 

3.9-dimethyl-6H-[l]benzothieno[2.3-b][1.qbenzocfiazepin-12(11H)-one. 

1.2.3.4-tetrahydro-[1lbenzothieno[2,3-bH1 .5Ibenzoxazepin-12(1 1 H)-one, 

1 .2.3.4-tetrahydro-8-melhyl-{i]benzolhieno[2,3-b][l .qbenzoxazepin-l2(l 1 H)-one, 

8-fluoro-1,2.3.4-tetrahydro-(1]benzothieno[2.3-bl[1 .5]benzoxazepin-12(1 1 H)-one, 
so |1]b€nzothieno{2.3-toI[1 .5]benzoxazepin-1 2(1 1 H)-one. 

8-methyl-[1]benzothienoI2,3-bI[1.5lbenzoxazepin-12(11H)-one. 

8-f luoro-I1]benzothieno[2,3-b][1 .qbenzoxazepin-l 2(1 1 H)-one. 

1 .2.3,4-tetrahydro-[1 ]benzothieno[2.3-bni .5]benzothiazepin-12(1 1 H)-one. 

1 .2.3.4-tetrahydro-8-methyl-[l]benzolhieno[2.3-b]I1 .5Ibenzothiazepin-12(1 1 H)-one. 
55 8-fluoro-1.2.3.4-tetrahydro-I1]benzothieno[2.3-b][1.5Ibenzothiazepin-l2(11H)-one. 

I11benzothienoI2.3-b][1 .5)ben2othiazepin-12(1 1 H)-one. 

8-methyl411benzolhieno[2,3-b]I1.51benzothiazepin-12(11H)-one. 

8-fluoro-(1]benzothteno[2.3-b][1 .qbenzothiazepin-12(1 1 H)-one, 
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8.9-drchloro-6H-[1 Jben2othieno[2,3-b][1 .5]benzodiazepin-12(1 1 H)-one. 

7.8-dichloro-6H-[1]benzothieno[2,3-b][1.5Jbenzodiazepin-12{11H)-one, 
9-trif luoromethyl-6H-I1]benzothieno[2,3-b][1 ^SJbenzodiazepln-l 2(1 1 H)-one. 
34)romo-8-fluoro-6H-I1Jbenzolhieno[2.3-bl[1.qbenzodiazepin-12(11H)<^^ 
s 6-melhyl-[1]benzolhlenoI2.3-b][1 .SJbenzodiazepln-l 2(1 1 H)-one, 

3-fluoro-6H-[1]benzothieno[2.3-bJ[1 ,5lbenzodiazepin-12(11H)-one. 

3- chloro-6H.[1]benzothienoI2,3-b][1.5]benzodiazepin-12(1 1 H)-one. 
1 -methyl-6H-[1Ibenzothienop,3-b][1 ,5Iben20cliazepin-12(11 H)-one. 

4- m ethyl -6H-[1Ibenzothieno[2.3-b][1 .51benzodiazepin'12(1 1 H)-one. 

10 3,8-dif luoro-6H-I1]benzothienoI2.3-b][1 ,51ben2odia2epin-12(l 1 H)-one, and 

3-fluoro-8-methyl-6HKl]benzothienoI2,3-b]I1.qben20dia2epin-12(11H^^ 

(11) The condensed tNopbene compound of (1) above, wherein the formula (I) is formula (IB) 



20 




25 wherein 

Ra'and Rb' are the same or different and each is hydrogen, alkyl. cycloalkyl. acyl. alkenyl. aryl. heteroaryf, 
arallcyl. alkoxy. hydroxyalM. anrtinoall^l. monoalkylamlnoalkyl. diallcylaminoalkyl. alkoxyalkyl. acy- 
loxyalkyl. acylaminoalkyl, halogen, alkyl halide or nitra and 
30 ring A is a benzene ring having 1 to 4 the same or different substrtuents thereon selected from the group 

consisting of alkyl, cycloalkyl. alkoxy. alkoxyalkyl, halogen, alkyl halide. nitro, amino, 
monoalkylamino, dialkylamino. acylamina hydroxyl and cyano or a benzene ring without a substil- 
uent; and 

is a group of the formula (1). fomnula (2), fomiJa (3). fbmiula (26). formula (27). fomuila (28). 16r- 
35 mula (29) or formula (30) 



40 



45 
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N 




(3| 





(26) (27J 





(29) 



(30) 



in the formula (1), formula (26). formula (27) and formula (30), R^. and are the same or dif- 
ferent and each is hydrogen, alkyi, cycloalkyi, aryl. heleroaryl, aralkyl, hydroxyalkyi, hydroxyalkoxy- 
alkyl. aminoalkyl. monoalkylaminoalkyi, dialkylairunoalkyl or alkoxyalkyi and a is an intega- of 2-4. 
in the formula (2) and formula (28). is hydrogen, alkyl having 1 to 4 caiton aton^, cydoalKyl. 
hydroxyall^rl having 1 to 4 caitx>n atoms, hydroxyaikoxyalkyl. aminoalkyi, monoalkylaminoall^. 
dialkylamlnoalM, acyl, alkDxycart)onyl or aikoxyall^ wherein alM having 1 to 4 carlaon atoms is 
substitutdbyalKDxy, andbisi or 2. 

in the formula (3) and formula (29). R^ is hydrogen, alt<yl. cycloalkyi. aryl. heteroaryl. aralkyl. 
hydroxyalkyi. hydroxyaikoxyalkyl. aminoalkyi. monoalkylaminoaD<(yl. diattcylaminoalkyl, ac^, alkoxy- 
carbonyl or alkoxyalkyi. 



or a pharmaoeutically acceptable salt thereof or a hydrate thereof. (12) The condensed thiophene compound of 
(11) above, wherein Fte' and Rb' are the same or different and each is hydrogen or alkyl. the ring A is a benzene 
ring having 1 to 4 the same or different substituents thereon selected from the group consisting of alkyl, alkoxy, hal- 
ogen and alkyl halide. or a benzene ring without a sut>stituent. and R^ is a group of the formula (2) wherein R^ is 
hydroxyaikoxyalkyl. methyl or ethyl and bis 1, 
or a pharmaceutically acceptable salt thereof or a hydrate thereof. 

(13) The condensed thiophene compound of (11) above, wherein Ra' is alkyl. Rb* is hydrogen or alkyl. the ring A is 
a benzene ring having one substituent thereon selected from the group consisting of alkyl. alkoxy and halogen, or 
a benzene ring without a substituent. and R^ is a group of the formula (2) wherein R® is methyl and b is 1 . 

or a pharmaceutically acceptable salt thereof or a hydrate thereof 

(1 4) The condensed thiophene compound of (1 1) above, which is a member selected from the group consisting of 

2-methyl-4-(4-melhylpiperazin-1 •yl)thienoI2.3-b][1 .SJbenzoxazepine. 
2-ethyl-4-(4-methylpiperazin-1 -yl)thieno[2.3-bI[1 .SJbenzoxazepine. 
2.8-dimethyl-4-(4-methylpiperazin-1 -yl)tNenoI2.3-bH1 .Slbenzoxazepine, 
8-methQxy-2-methyl-4-(4-methylpiperazin- 1 •yl)thieno[2.3-b][1 .5]benzoxazepine. 
2.6-dimethyl-4-(4-methyl^)iperazin-1 -yl)thleno[2.3-b][1 .Slbenzoxazepine. 
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2,9-dimethyl-4-(4-methy(piperazin-1 -yl)thieno[2,3-b][1 .5]benzoxazepine. 
2,3-dimethyl-4-(4-methylpipera2in-1 -yl)thienot2.3-b][1 .SJbenzoxazepine, 
8-chlorch2-methyl-4-(4-methylpjperazin-1 -yl)thlenoI2.3-bI[1 .SJbenzoxazepine, and 

8-fluoro-2-fnBthyi-4-(4-nfi6thylpperazin-1-yl)thieno[2.^ or a pharmaceutically accepta- 

ble salt thereof or a hydrate thereof. 

(15) A pharmaceutical agent comprising a condensed thiophene compound of formula (IB) or a pharmaceutically 
acceptable salt thereof or a hydrate thereof, a pharmaceutical conposition comprising said compound and a phar- 
maceuticafly acceptable additive, and an antipsychotic agent oomprising. as an active ingredient, a compound of 
formula (IB). 

(16) A thienobenzoxazepinone compound of the formula (IIB) 



wherein Ra* and Rb' are the same or different and each is hydrogen, alkyt, cycloalkyi. acyl. alkenyl, aryl. heteroaryl. 
aralkyi, alkoxy, hydroxyalkyl. aminoalkyl. monoalkylaminoalkyl. dialkylaminoalkyl. alkoxyalkyl> acyloxyalkyi, 
acylaminoalkyl. halogen, alkyl haiide or nitro. and ring A is a benzene ring having 1 to 4 the same or different sub- 
stituents thereon selected from the group consisting of alkyl, cycloalkyi. alkoxy, alkoxyalkyl. halogen, alkyl haiide. 
nitro. amino, monoalkylamino. dialkylamino. acylamina hydrQxyl and cyano or a benzene ring without a substituent. 
which is an important intermediate for the synthesis of the of compound of the formula (IB). 

(1 7) The thienobenzoxazepinone compound of (1 6) above, wherein Ra' and Rb* are the same or different and each 
Is hydrogen or alkyl, and the ring A is a benzene ring having 1 to 4 the same or different sut>stituents thereon 
selected from the group consisting of alkyl. alkoKy, halogen, hydroxyl and alcyl haiide. or a benzene ring without a 
sut>stituenL 

(18) The thienobenzoxazepinone compound of (16) above, which is a member selected from the group consisting 
of 

2-methylthieno[2.3-b][l,5]benzoxa2epin-4(5H)-one. 
2.3-cfimethy!thieno[2,3-bI1.5]benzoxazepin-4(5H)-one, 

2.8- dime1hylthieno[2.3-b]Il.5]benzoxazepin-4(5H)'One. 
8-chk)ro-2-methylthieno[2.3-b][1,5]benzoxazepin-4(5H)-one, 
8-fyoro-2-me!hylth}eno[2,3-b][i,5]benzoxazepin-4(5H)-one. 
B-melhoxy-2-methylthieno[2.3-b][1,5]benzoxazepin-4(5H)-one, 
2.6-dimethylthieno[2.3-b][1,51benzoxa2epin-4(5H)-one. 

2.9- dimethylthieno[2.3-b][1 ,5]benzoxazepin-4(5H)-one and 
2-ethylthieno[2,3-b]Il ,5]benzoxazepin-4(5H)-one 

Detailed Description of the Invention 

[0016] In the present invention, each symbol used specifically means the following. 

[0017] Alkyl is alkyl having 1 to 5 carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl. tert-butyl 
and pentyl. 

[0018] Cycloalkyi is cycloalkyi having 3 to 6 cart>on atoms, such as cyclopropyl. cydopentyl. cyclohexyl and the like. 
[0019] Alkoxy is alkoxy having 1 to S carbon atoms, such as methoxy. ethoxy. propoxy, isopropoocy, butoxy, isobu- 
toxy. tert-butoxy and the like. 

[0020] Aryl is phenyl or naphthyl, with preference given to phenyl. 
[0021] Heteroaryl is pyrkiyi, furyl. thienyl and the like. 

[0022] AralkyI is that wherein aryl has been substituted by alkyt having 1 to 5 carbon atoms and is exemplified by 
benzyl, 1-phenylethyl. 2-phenylethyl. 3-phenylpropyl. 4i>henylbutyl and the like. 
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[0023] HydroxyalkyI is hydroxyalkyi having 1 to 5 carbon atoms, such as hydroxymethyl, 2-hydroxyethyl, 14iyclrox- 
yethyl. 3-hydroxypropyl, 1-hydroxypropyl, 4-hyclroxybu1yl. 1-hydroxy-1 -methyl ethyl and the like. 
[0024] HydroxyalkoxyafkyI is that wherein alkyi having 1 to 4 caibon atoms has been bonded to hydroxyall^l having 
1 to 4 cartxtn atoms via one oxygen atom, and Is exemplified by 2-(2-hydroxyethoxy)ethyl and the like. 
5 [0025] AmrnoalkyI is that wherein alkyl having 1 to 5 caibon atoms has been substituted by amino, which is exem- 
plified by aminomethyl. 2-aminoettiyl. 1-aminoethyl. 3-aminopropyl, 1-aminopropyl, 4-aminobutyl. 1-amino-1-methyle- 
thyl and the like. 

[0026] MonoalkylaminoalkyI is that wherein nitrogen atom of aminoaikyi is substituted by one alkyl having 1 to 5 
carbon atoms, which is exemplified by methylaminomethyl. N-methyl-2-aminoethyt. N-methyl-1-aminoethyl, N-methyl- 
10 3-aminopropyl, N-methyl-l-aminopropyl, N-methyl-4-aminobutyl, N-methyl-1-amlno-1-methylethyl and the like. 

[0027] Dialkylaminoalkyl Is that wherein nitrogen atom ot aminoaikyi has been substituted by two alkyl having 1 to 
5 carbon atoms, which is exemplified by dimeihylaminomethyl, N.N-dimethyl-2-aminoethyl, N.N-dimethyl-i-aminoethyl. 
N.N-dimethyl-3-aminopropyl, N»N-dimethyl-1-aminoproRyl. N,N-dimethyl-4-aminobutyl, N,N-dimethyl-1-amino-1-meth- 
ylettiyl and the like. 

IS [0028] AikoxyalkyI is that wherein alkyl having 1 to 5 cart>on atoms has been substituted by alkoxy, such as meth- 
oxymethyl, methoxyethyl, ethoxymethyl, ethoxyethyl and the like. 
[0029] Hatogen is fluorine, chlorine, bromine or kxline. 

[0030] Alkyl halide is that having 1 to 5 caibon atoms, such as fluoromethyl, difluoromethyt, trifluoromethyl, cNo- 
romethyl, dichtoromethyl. trichloromethyl and the like. 
20 [0031 ] Monoalkylamino is amino substituted by one alkyl having 1 to 5 carbon atoms, such as methylamino. ethyl- 
amtno and the like. 

[0032] Dialkylamino is amino substituted by two alkyl having 1 to 5 carbon atoms, such as dimethylamino. diethyl- 
amino and the like. 

[0033] Acyl is that having 2 to 7 cartx>n atoms, such as acetyl, propanoyt, butanoyi, pivaloyi, benzoyl and the like. 
25 [0034] Acylamino is that wherein amino or monoalkylamino is bonded to acyl having 1 to 5 carbon atoms, such as 
acetylamino. N-acetyl-N-methylamino and the like. As used herein, acyl means that having 2 to 5 cart>on atoms, such 
as acetyl, propanoyl. butanoyi. pivaloyi and the like. 

[0035] Alkoxycarbonyl is that having 2 to 8 carbon atoms, such as methoxycarbonyl. ethoxycart)onyl. propoxycarb- 
onyl. butQxycart>onyt. tert-butoxycarbonyi, benzyloxycaibonyl, pentoxycarbonyl and the like. 
30 [0036] The ring B is preferably a benzene ring wherein the bond shown by a doited line and a solid line is a double 
bond. 

[0037] The group of the formula (1 ) as defined by the ^ve-mentioned R^, R^ and integer a is N-(N\N*-dime- 
thyl-2-aminoethyl)amino. N'{N',N'-dimethyl-2-aminoethyl)-N-methylamino and the like. 

[0038] The group of the formula (2) as defined by the above-mentioned and integer b is piperazin-1-yl. 4-meth- 
35 ylpiperazin-1-yl, 4-ethylpiperazin-1-yl. 4-propylpiperazin-1-yl, 4-isopropylpiperazin-1-yl, 4-p-(2-hydrox- 
yethoxy]ethyl]piperazin-1-yl. 4-methylhomopiperazin-1-yl and the like, with preference given to 4-methylpipera2in-1-yl. 
[0039] The group of the tornrula (3) as d^ined by the above-mentioned is 8-m6thyi-3.8-diazabicy- 
clo[3.2.1]octan-3-yl and the like. 

[0040] The group of the formula (26) as defined by the above-menttoned R® and is amino, N,N^imethylamino 
40 and the like. 

[0041] Thegroupoftheformula(27)asdefinedbytheabove-menl§onedR^. R^ R' and Integer a is N-crr.N-dime- 
thyl-2-aminoethyl)amino-N'-oxkie. N-(fsr.N'-dimethyl-2-aminoethyl)-N-methylamino-N'-oxide and the like. 
[0042] The group of the formula (28) as defined by the above-mentioned R® and integer b is 4-methylpipera2ine-4- 
oxfde-1-y! and the like. 

45 [0043] The group of the formula (29) as defined by the above-mentioned R^ is 8-methyl-3,8-diazabtey- 
clo[3.2.1]octane-8-oxide-3-yl and the like. 

[0044] The group of the formula (30) as defined by the above-mentioned R^ and R^ is amino-N-oxide. N,N-dtmeth- 
ylamlno-N-oxide and the like. 

[0045] The compound of the formula (0 is specifically a cornpound of the formula (lA) or a compound of the formula 
50 (IB), 

[0046] The compound of the formula (lA). a pharmaceutically acceptable salt thereof and hydrates thereof are pref- 
erably a condensed thiophene compound of the formula (lA) wherein 

XisNH.OorS. 

55 Ri and r2 are the same or different and each is hydrogen, halogen, alkoxy or alkyl. 

ring A is a benzene ring having 1 to 4 the same or different substituents thereon selected from the group consisting 

of alkyl. alkoxy. halogen and alkyl halide. or a benzene ring without a substituent. 

ring B is a benzene ring wherein the bond shown by a dotted line and a soiki line is a double bond, and 
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is a group of the formula (2) wherein is hydroxyatoxyalkyl. methyl or ethyl and b is 1. a pharmaceutically 
acceptable salt thereof and hydrates thereof. 

[0047] More preferred are a condensed thiophene compound of the formula (lA) wherein 

5 

X is NH. 

and are the same or different and each is hydrogen, halogen, aikoxy a alkyl. 
ring A is a benzene ring having 1 to 4 the same or different substituents thereon selected from the group consisting 
of alkyl. aikoxy. halogen and aikyl halide, or a benzene ring without a sut>stituent. 
10 ring B is a benzene ring wherein the bond shown by a dotted line and a solid line is a doufc)le bond, and 

R^ is a group of the formula (2) wherein is methyl or ethyl and b is 1 , a pharmaceutically acceptable salt thereof 
and hydrates thereof. 

[0048] Preferable compounds of the formula (lA) include the following compounds wherein the numt>er denotes 
15 Example rumbers. 

(1) 12-(4-melhylpiperazin-1-yl)-6H-[1]benzothteno[2.3-bI1 .5|benzodiazepine, 

(2) 8-fluoro-12-(4-methylpiperazin-1-yl)-6H-[1]benzothieno[2.3-bI[1.5]benzodiazepine. 
(6) 8-methyl-12-(4-methylpiperazin-1 -yl)-6H-[t]benzothjeno[2,3-b][1 ,5]benzodiazepine. 

20 (7) 8-chloro-1 2-(4-methylpiperazin-1 -yl)-6H-[1 ]t)enzothieno[2.3-b][1 ,5]benzodiazepine. 
(8) 8-bromo-12-(4-methylpiperazin-1-yl)-6H-[1]benzothieno[2,3-b][1 .^benzodiazepine, 

(49) 9-f luoro-1 2-(4-methy|piperazin-1 -yl)-6H<[1]benzothieno(2.3-b][1 .Sjbenzodiazepine, 

(10) 9-methyM 2-(4-methytpiperazin-1 •yl)-8H-[1]benzothieno[2,3-b][1 ,5]benzodiazepine. 

(11) 9-chloro-1 2-(4-methylpiperazin-1 -yl)-6H-[1 ]benzothteno[2.3-b][1 .qbenzodiazepine. 
2S (12) 9-bromo-12-(4-methylpjperazin-1 -yl)-6H-[1 Jbenzothieno[2.3-b][1 .Sjbenzodiazepine. 

(13) 9-methoxy-12-(4-methylpiperazln-l-yl)-6H-[1]benzothieno[2.3-b]I1.5]benzodiazepine, 

(50) 8.9-difluoro-12-(4-methylpiperazin-1-yl)-6H-[1]benzothienol2.3-b][1.5]benz^^ 

(15) 8.10-difluoro02-(4-metlvlpiperazin-1-yl)-6H-[1]benzotNeno(2.3-b][1^ 

(16) 3-nfiethyl-12-(4-methylpiperazin-1-yl)-6IH-[1]benzothieno[2,3-b][1,^^ 

30 (17)8-fluoro-3-methyl-12-(4-methylpiperazin-1-yl)-6H-[1]benzothienoI2.3-b][1,5]benzo^^ 

(18) 2-methyl-12-(4-methylpiperazin'1 •yl)-6H-[1]benzothieno[2.3-b][1 .Sjbenzodiazepine. 

(19) 8-fluoro-2-methyl-12-(4-methylpiperazin-1-yl)-6H-[11benzothieno[2,3-b]I1 .Sjbenzodiazepine, 

(20) 3-methoxy*12-(4-methytpiperazin-1 -yi}-6H-[1]benzothieno[2,3-b][1 .Sjbenzodiazepine, 

(21) 8*ftuoro-3-methoxy-12-(4HTi6thylpjperazin-1-yl)-6H-[1]benzothieno[2.3-b}[1 .5P>enzodiazepine. 
3S {22) 8.9-dichloro-12-(4-methylpiperazin-1 •yl)-6H-[1 jt>enzothieno[2,3-b][1 .Sjbenzodiazepine, 

(23) 7.8-dichloro-12-(4-metl^piperazin-1 •yl)-6H-[1]benzothieno[2.3-bJ[l .Sjbenzodiazepine, 
(2S) 3-bromo*8-fluoro-12-(4-methylpiperazin-1-yl)-6H-{1]benzothieno[2,3-b][1,SJbenzodiazepir^^ 

(42) 3-f luoro-1 2-(4-mefhylplperazin-1 -y1)-6H-(1 Jbenzothl€no[2,3-bI[1 .Sjbenzodiazepine, 

(43) 3-chloro-l2-(4-mettVlpiperazin-1-yl)-6H-[1]benzothienoI2.3-b][1. Sjbenzodiazepine. 
40 (45) 1-methyl02-(4-methylpiperazin*1-yl)-6H-[1]benzothieno[2.3-b][1,5lbenzodiazepine. 

(46) 4-methyl-12-(4-meihylpiperazin-i-yl)-6H-Ii]benzothieno[2.3^^^ .sjbenzodiazepine, 

(47) 3.8-difluoro-1 2-(4-methylpiperazin-l -yl)-6H-[1]t>enzothieno[2.3-bJ[1 ,5S)enzodiazepine. 

(48) 3'fluoro-8-methyl-12-(4-methylpiperazin-1-yl)-6H-[1$>enzothieno|2.3-b][1 .SJbenzcxiazepine. and 

(51) 12-(4-ethylpiperazin*1-yl)-d-fluoro-6H-[1Jt>erizotNenoI2,3-b][1.5]be^ 

45 

[0049] The present invention also enoonrpasses pharmaceutically acceptable salts of the above-mentioned com- 
pounds and hydrates thereof. 

[0050] The compound of the formula (IIA) is preferably a benzothlophene compound wherein 

so XisNKOorS. 

R^ and R^ are the same or different and each is hydrogen, halogen, aikoxy or alkyl. 

ring A is a benzene ring having 1 to 4 the same or different substituents thereon selected from the group consisting 
of alkyl, aikoxy. halogen and alkyl halide. or a benzene ring without a 8uk)stituent. and 

ring B is a benzene ring wherein the bond shown by a dotted line and a solid line is a double bond or a cyclohexane 
ss ring wherein sakJ bond is a single bond, provided that when X is NH. the bond shown by a dotted line and a solid 
line is not a single bond. 

[0051] Spec^ compounds of the fomiuta (IIA) include the following: 
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6H-[1]ben20thieno[2.3-bI[1 .5lbenzodia2epin-12(1 1 H)-one. 
8'fluoro-6H-[1]benzothieno[2.3-b][1 ,5]benzocljazepin-12(1 1 H)-one. 
8-chloro-6H-[1 ]benzothieno[2.3-b][1 ,5|benzodiazepin-1 2(1 1 H)-one. 

8- bromo-€H-[1Iben20thieno[2.3-b]n .5lbenzodiazepin-12(1 1H)one, 
s 8-methyl-6H-[1]benzothieno[2.3-bII1 ,qben2odia2epin-12{1 1H)-one, 

9- fluoro-6H-I1]benzothieno[2,3-b][1 ,5]benzodiazepin-12(1 1 H)-one. 
9-chloro-6H-[1 Ibenzothieno[2.3-b][1 .5]benzodiazepin-1 2(1 1 H)-one, 
9-bromo-6H-[1]benzothieno[2,3M1.^benzcxjiazepfn-l2(llH)^^ 
9-methyl-€H-[1]benzothlenoI2,3-b]I1 ,qbenzodiazepin-l2(1 1H)one. 

10 9-memoxy-6H-I1]benzotWenoI2,3*][1.qbenzodlazepin-12(l 1H)-one, 

8.9-drf luoro-6H-[i ]benzothieno[2.3-bItl .qbenzodiazepin-l 2( 1 1 H)-one. 

3-methyl-6H-[i]benzothieno[2,3-b][1 .51benzodiazepin-l2(i lH)-one. 

8-fluoro-3-metbyl-6H-[llbenzothleno[2.3-b][l ,5Ibenzodiazepin-l2(1 1 H)-one, 

3-methoxy-6H-I1]benzothieno[2,3-b][1 .51benzcxliaz^in-12(1 1 H)-one, 
IS 8-fluoro-3-methoxy-6H-[l]benzothieno[2,3-b][l ,5]ben2odiazepin-12(11H)-one. 
. 2-methyl-6H-[1]benzothieno[2,3-bH1 ,qbenzodiazepin-12(1 1H)-one. 

64luoro-2-methyl-6H-[1]benzothieno[2.3-b][1 .5]benzodiazepin-12(1 1 H)-one. 

3,9-dimelhyl-6H-[1lbenzolhieno[2.3-blt1 ,5|benzocliazepn-12(1 1 H)-one. 

1 ,2,3.4-tetrahydro-I1)benzothieno[2,3-b][1 ,5]ben2Qxa2epin-12(l 1 H)-one, 
20 1 ,2,3,4-tetraMro-8-methyt-[1 Ibenzothieno[2.3-b][1 ,51benzoxazepin-1 2( 1 1 H)-one, 

d-lluoro-l .2,3.4-tGtrahydro-[1]ben20thienoI2,3-b][1 .SJbenzoxazepin-l 2(1 1 H)-one. 

[1]b8n2o!hieno[2.3-b][1 .5]benzoxazepin-12(1 1 H)-onG, 

8-methyl-[1Ibenzothieno[2.3-b]I1 .5]benzaxazepin-1 2(1 1 H)-one. 

8-fluoro-[1]benzothieno[2,3-bI[1 ,5Ibenzoxazepln-1 2(1 1 H)-one, 
25 1 .2,3.4-tetrahydro-[1]benzothlenot2.3-b][1 ,5Ibenzothiazepln-1 2( 1 1 H)-one. 

1 ,2.3>telrahydro-8-methyl-I1]benzo1hleno[2.3-b][1 .Slbenzcrthi^ 

8-f luoro-1 .2,3.4-letrahydro-[1]benzothieno[2.3-b][1 .Slbenzothiazepin-12(1 1 H)-one. 

l11benzothieno(2.3-bI[1 .5Ibenzothiazepin-1 2(1 1 H)-one. 

8- methyH11benzothieno[2,3-bl[1 .51benzolhiaz^in-l2{l lH)-one. 
30 8-f luoro-[1]benzothieno[2,3-b]Il .5]benzolhiazepin-l 2(1 1 H)-one. 

8.9-dichlo^o-6H^1]benzothieno[2.3-b][1 ,5]benzodiazepiiv12(1 1 hl)-one, 
7,8-dichloro-6H-{1Ibenzothieno[2.3-b][1 .5]benzodiaz€pin-l2(1 1 H)-one, 

9- trifluofomethyl-6H-(1Ib€nzothieno[2.3-b][1 .5]benzodia2epin-12(1 1 H)-one, 
3-bromo-8-f luoro-6H-[1 ]benzothieno[2.3-bi[1 .Slbenzodiazepin- 1 2(1 1 H)-one, 

35 6-methyl-[l]benzothieno(2,3-b][1 .SJbenzodiazepin-l 2(1 1 H)-one. 

3-fluoro-6H-[l Jbenzothieno[2,3-b][1 .5lbenzodiazepin-12{1 1 H)-one, 

3- chloro^H-I1]benzothieno[2.3-b][1 ,qbenzodiazepin-12(1 1 H)-one. 
1 -methyl-eH-II lbenzothleno[2.3-bj[1 ,qbenzoclia2epjiv12(1 1 H)-one. 

4- metnyl-6H-(i]benzothieno[2.3-bili .qbenzocliazepln-i2(i iH)-one, 

40 3.8-difIuoro-6H-(i]benzolhieno[2,3-b]Il ,5Ibenzodiazepin-l2(1 lH)-one and 
3-f luoro-8-methyl-6H-[1 ]benzothieno[2,3-bI[l .Slbeazocfiaz^^^ 

[0052] The compound of the formula (IB) is preferably a condensed thiophene compound wherein 

45 Ra' and Rb* are the same or different and each is hydrogen or alkyl. 

ring A is a benzene ring having 1 to 4 the same or different substituents Ihereon selected from the group consisting 
of alkyt, atkoxy. halogen and alicyl halide, or a benzene ring without a substituent, and 

is a group of the formula (2) wherein Is hydroxyaltoxyalkyi, methyl or ethyl and b is 1, a pharmaceuticaOy 
acceptable salt thereof and hydrates thereof. 

so 

[0053] More prefen-ed are a condensed thiophene compound of the formula (IB) wherein 
Ra' is alkyl. 

Rb' is hydrogen or alkyl. 

55 ring A Is a benzene ring having one substituent thereon selected from the group consisting of alkyl. alkoxy and hal- 
ogen, or a benzene ring without a sut)5tituent. and 

is a group of the fomuila (2) wherein R° is methyl and b is 1 . a pharmaceuticaily acceptable salt thereof and 
. hydrates thereof. 
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[0054] Preferable compounds of the formula (IB) include the folbwing compounds wherein the numbers in paren- 
theses are Example numt^ers: 

(125) 2-methyl-4-(4-methylpiperazin-Vyl)thieno[2,3-b][1 ,5]benzoxaz^ine, 
5 (130) 2-ethyl-4-(4-methy(plpera2in-1-yl)thieno[2,3-b]I1.51benzo)(a2epine, 
(138)2.8<imeth/l-4-(4-methylpiperazin-l-yl)thieno[2,345][1,5]ben20xa^ 

(142) 8-methoxy-2-methyl-4-(4-methyipipera2in-1-yl)tNeno[2,3-b][1 .SJbenzoxazepine. 

(143) 2,6-dimethyl-4-(4-methylpiperazin-1-yl)thieno[2,3-b][1 .5]berizoxazepine, 

(145) 2,9<limethyl-4-(4-methylpiperazin-1-yf)thieno[2,3-b][1 .^benzoxazepine. 
10 (144) 2.3-dinrtethyl-4-(4«methylpiperazin-1-yl)thieno[2.3-b][1 .5]benzoxazeplne, 

(146) 8K:hloro-2-melhyl-4-(4-methylpiperazin-l-yl)lhjeno[2,3-b]Il»5Jbenzoxazepine, and 

(147) 84luoro-2-methyl-4-(4-methylplperazin-l-yl)thieno[2.3-b][l,5)benzoxazepine. 

[0055] The present Invention also encompasses pharmaceutically acceptak)ie salts of the akx)ve*mentioned corn- 
's pounds and hydrates thereof. 

[0056] The compound of the formula (IIB) is preferably a thienobenzoxazepinone compound wherein 

Ra* and Rb' are the same or different and each is hydrogen or alkyl. and 

ring A is a benzene ring having 1 to 4 the same or different substituents thereon selected from the group consisting 
so of alkyl, alkoxy, halogen, hydroxyl and alkyl halide, or a benzene ring without a substituent 

[0057] Preferable compounds of the formula (IIB) include the Idbwing compounds wherein the numbers in paren- 
theses are Example numbers: 

2S (38) 2-methylthieno[2.3-bI[1 ,5]benzoxazepin-4(5H)-one. 

(101 ) 2.3-dimethylthieno[2.3-b][1 .5Jl)en20xazepin-4(5H)-one. 

(102) 2.8-dimethylthieno[2.3-b][1 .51benzQxazepin-4(5H)-one. 

(105) 8-chloro-2methyltNeno[2,3-bl[1 .5Ibenzoxazepin^(5H)-one. 

(106) 8-f luoro-2-methylthieno[2,3-b][1 »^benzoxazepin'4(5h1)-one, 
30 (107) 8-nieth(»y-2-methylthieno[2.3-b][1 ,5]t)en20xazepin-4(5H)-one. 

(108) 2,6-dimethylthieno[2.3-b][1 ,5]benzoxazepin-4(5H}-one. 

(109) 2,9<iimethyfthieno[2.3-b][1.5]benzoxazepin-4(5H)-one, and 
(116) 2-ethytthieno[2,3-b][1 .5Ibenzoxazepin-4(5H)-one. 

35 [0058] The pharmaceutically acceptable salt of the compound of the fornnula (I), particularly formula (I A) or formula 
(IB), includes salts with inorganic acid, such as hydrochloric actd. hydrobromic acid, sulfuric add, nitric acid, phosphoric 
add and the like, and salts with organic acid, such as acetic acid, propionic add.sucdnic add, glycolic acid, lactic add. 
malic acid, methanesulfbnic add, benzenesuHbnic acid, p-tduenesulfbnic acid, camphorsulfonk: add, ascorbk; acid, 
maleic add, citric add, tartaric acid, fumanc acid and the like. The compound of the formula (I), particularly formula (lA) 

40 or formula (IB) and pharmaceutically acceptatile salts thereof may exist in the form of hydrates or solvates, and their 
hydrates (1/2 hydrates, monohydrates. dihydrates. trihydrates and the like) and solvates are also encompassed in the 
present invention. 

[0059] When the inventive compounds indude asymmetric atom, they can be obtained in the form of racemk; mix- 
ture or optically active compound. When the inventive compounds include at least two asymmetric atoms, they can be 
45 Obtained in the form of respective diastereomers or mixtures thereof. The present invention also encompasses these 
mixtures arrcl individual isomers. The present invention further encompasses stereoisomers. 
[0060] The synthetic methods of the compounds of the present invention are as follows. 

Method 1 : synthetic method of compound of formula (lA) 

so 

[0061] A benzothnphene compound of the formula (HA) 
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wherein each symbol is as defined above is kept with a suitable chlorinating agent such as thionyl chloride, phosphorus 
oxychloride. phosphorus pentachlorrde and the like, in a solvent that does not adversely affect the reaction, such as 
15 benzene, toluene, xylene, chloroforni. 1 .2-dichloroethane, an optionally mixed solvents therefrom and the like or without 
solvent at room temperature to 1 70'*C for 1 to 24 hr to give a compound of the formula (4 A) 



so 



2S 




wherein each symbol Is as deflned above. The obtained conrpound of the fbrnnula (4A) is kept with a compound of the 
30 formula (5) 

H-R» (5) 

wherein is as defined above, in a solvent that does not adversely affect the reaction such as benzene, toluene. 
35 xylene, chloroform. 1 .2<jichloroethane. an optionally mixed solvents therefrom and the like or without solvent, at room 
temperature to 170^0 for 1 to 24 hr to give a compound of the formula (lA). 

Method 2: synthetic method of compound of formula (lA) 

40 [0082] A benzottiiophene compound of the formula (IIA) is kept with a suitable sulfurating agent such as diphospho- 
rus tetrasulfate. Lawesson reagent and the like in a solvent that does not adversdy affect the reaction, such as ben- 
zene, toluene, xylene, chloroform. 1.2-dichloroethane. an optionally mixed solvents therefrom and the like, or without 
solvent at room temperature to 1 lO^'C for 1 to 24 hr to give a compound of the formula (7) 



so 




55 

wherein each symbol is as defined above. The obtained compound of the fonnula (7) is reacted with a suitable methyl- 
ating agent such as methyl iodide, methyl bromide and the like in a solvent that does not adversely affect the reaction 
such as tetrahydrofuran, N.N-dim6thylfbrmamide. acetonttrile, N-methylpyroiidone. dichtoromethane. chtorofdrm. 1,2- 
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dichloroethane. an optionally mixed solvents therefrom and the like, in the presence of an organic base such as pyrid- 
ine, triethyiamine. diisopropyiethylamine and the like or an inorganic base such as sodium hydride, potassium cart>on- 
ate. sodium caitxxiate. sodium hydroxide, potassium hydroxide, potassium tert-butoxide. sodium alkoxide, butyllithium 
and the like, or without a base to give a compound of the formula (8) 

5 



10 




15 

wherein each symbol is as defined above. The obtained compound of the formula (7) or the formula (8) is kept with a 
copfipound of the fomnula (S) in a solvent that does not adversely affect the reaction, such as tetrahydrofuran, N,N- 
dimethylfbrmamide. acetonitrile. N-methylpyrolidone. dichloromethane. benzene, toluene, xylene, chtorofbrm. 1,2- 
20 dichloroethane. an optionally mixed solvents therefrom and the ike. or without solvent, at room temperature to 170°C 
for 1 to 24 hr to give a compound of the formula (lA). 

Method 3: synthetk; method of compound of formula (lA) wherein X is NH. N-R^, O or S 
25 [0063] A benzothiophene compound of Ihe formula (9) 



30 




35 



wherein R^^ is alkyl. R"*^ is tialogen and other symbols are as defined above, is k^ with a compound of the fbmiula 
(10) 

40 



45 




50 wherein R^^ is NH2, NH-R^. OH or SH and ring A is as defined above, in a solvent that does not adversely affect 

the reaction, such as N.N-dimethyHbrmamide. dinnethyl sulfoxide. N-mettiylpyrolidone. tetrahydrofuran. ethanol. 1,4- 
dioxane. an optionally mixed solvent therefrom and the like, or without solvent, in the presence of an organic base such 
as pyridine, triethyiamine. diisopropyiethylamine and the like or an inorganic base such as sodium hydride, potassium 
caitx>nate. sodium carbonate, sodium hydroxide, potassium hydroxide, potassium tert-butoxide. sodium alkoxide. butyl- 

55 litNum and the like at -20*'C to 1 TO'C for 1 to 24 hr to give a compound of the formula (11) 
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10 




15 

wherein each symbol is as defined above. 
C0064] A compound of the fomnula (1 la) 



20 



25 




30 



wherein R^^ is hydrogen or alkyi and other symbols are as defined abo\re, which is a compound of the fornula (1 1) 
wherein X is NH or N-R^. can be also synthesized by the following method. 
35 [00691 For example, a benzothiophene compound of the formula (12) 



40 




45 wherein each symfcx)! is as defined above, is kept with a compound of the formula (1 3) 



so 




55 

Wherein R^^ is halogen and ring A is as defined above, in a solvent that does not adversely affect the reaction, such as 
N.N-dimethylfomiamide, dimethyl suHbxide, N-methylpyrolidone. tetrahydrofuran. ethanol. 1.4<fiQxane. an optionally 
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mixed solvents therefrom and the like, or without solvent, in the presence of an organic base such as pyricfine, triethyl- 
amine, diisc^ropylethylamine and the like or an inorganic base such as sodium hydride, potassium carbonate, sodium 
carbonate, sodium hydroxide, potassium hydroxide, potassium tert-butoxide, sodium alkoxide, butyllithium and the like 
at '20'>C to 1 1Q'^C for 1 to 24 hr to give the above-mentioned compound of the formula (1 la). 

5 [0066] In partkxjiar. of the compounds of the formula (1 la), a compound wherein R^^ Is alkyi can be also obtained 
by ke^ng a compound wherein R^^ Is hydrogen with an alky! halide of the formula (6) to be mentioned later, in a sol- 
vent that does not adversely affect the reaction, such as N.N-dimethylformanrvde, dimethyl sulfoxide, N-methylpyro- 
lidone. tetrahydrofuran, 1 ,4-dioxane, an optionally mixed solvent therefrom and the like, or without solvent in the 
presence of an organic base such as pyrkJine. triethylamine, diisopropylethylamlne and the like, or an inorganic base 

10 such as sodium hydride, potassium carbonate, sodium caitxmte, sodium f^oxkle. potassium hydroxide, potassium 
tert43utoxide. sodium alkoxide. butylltthium. lithium diisoprapylamine and the like at room temperature to ITO^'C tor 1 to 
24 hr. 

[0067J The obtained compound of the fbnrujla (1 1 ) is kept with hydrogen at normal pressure to 1 00 atm, in a solvent 
that does not adversely affect the reaction such as ethanol, methanol, ethyl acetate, dimethylfbrmamkJe. acetic acid. 
15 water, an optionally mixed solvent therefrom and the jike. or without solvent in the presence of a suitable metal catalyst 
such as palladium-cartMn. palladium black, palladium hydroxide. Raney nickel, platinium oxide and the like at room 
temperature to 150*C for 1 to 24 hr to give a compound of the formula (14) 



20 



2S 




30 

wherein eadi symbol is as defined akx)ve. 

[0068] *nie compound of the formula (14) can be also obtained by keeping a compound of the formula (1 1 ) with a 
suitable inorganic reagent such as iron, zinc, tin(ll) chloride and the like, in a solvent that does not adversely affect the 
35 reaction, such as ethanol, methanol. 1.4-dioxane. dimethylformamide. acetic ackl, water, an optionally mixed solvent 
therefrom and the like, in the presence of a suitable add such as hydrochloric acid, acetic acid and the lik at -20*0 to 
150'Cforl to24hr. 

[0069] In addition, of the compounds of the fornrujia (14). a compound wherein X is S or O can be also obtained by 
keeping a compound of the formula (9) with a compound of the fomiula (25) 

40 



45 



(25) 



wherein R**^ is OH or SH and ring A is as defined above, in a solvent that does not adversely affect the reaction, such 
as N,N-dimethyformamide, dimethyl sulfoxide. N-methylpyrolWone. tetrahydrofuran, ethanol, 1,4-dioxane. an optionally 
mixed solvent therefrom and the like, or without sdvent. in the presence of an organic base such as pyridine, triethyl- 
amine, diisopropylethylamine and the like or an Inorganic base such as sodium hydride, potassium cartx)nate. sodium 
55 carbonate, sodium hydroxkie. potassium hydroxkie, potassium tert-butoxide. sodium alkoxide. butyllithium and the like 
at -20*C to 150'C for 1 to 24 hr. 

[0070] The obtained compound of the formula (14) is kept with a compound of the formula (5) in a solvent that does 
not adversely affect the reaction, such as anisole. toluene, xylene, mesitylene, nitrobenzene. 1,2-dk:hloroethane. an 
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optionally mixed solvent therefrom and the like, or without solvent, in the presence of a suitable Lewis acid such as tita- 
nium tetrachloride, thin tetrachloride, aluminium chloride and the like at room temperature to 1 lO^'C for 1 to 24 hr to give 
a compound of the formula (lA). 

5 Method 4: 

[0071 ] A conpound of the formula (I Aa) 



10 



IS 




lIAai 



20 

wherein each symbol is as defined above, which is a compound of the fomiula (lA) wherein X is NrR^, can be also 
obtained by keeping a benzothkaphene compound of the formula (lAb) 



30 




35 wherein each symbol is as defined above, with an alkyi halide of the formula (6) 

Hal-R* (6) 

wherein Hal is halogen and is as defined above, in a solvent that does not adversely affect the reactkxi, such as N,N- 
40 dimethylformamide. dimethyl sulfoxide, N-methylpyrolidone. tetrahydrofuran, 1.4-dioxane, an optionally mixed solvent 
therefrom and the like, or without solvent, in the presence of an organic base such as pyridine, triethylamine. dlisopro- 
pylethylamine and the like, or an inorganic base such as sodium hydride, potassium caibonate. sodium carbonate, 
sodium hydroxide, potassium hydroxide, potassium tert-butoxide, sodium alkoxide. butyllithium and the like at room 
temperature to 1 70^C for 1 to 24 hr. 

45 



so 



ss 
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Methods: 



[0072] 



5 



10 




(0)c 



|IAe| 



IS 



[0073] A compound of the formula (lAc) 

wherein c is 1 or 2 and other symbols are as defined above, which is a compound of the formula (I A) wherein X is SO 
or SO2, can be also obtained by keeping a benzothbphene compound of the formula (lAd) 
20 wherein each symbol is as defined above, with an oxidizing agent such as hydrogen peroxide, nrK^hloroperbenzoic add. 
sodium periodate, sodium perbromate and the like, in a solvent that does not adversely affect the reaction, such as 
water ethanol. acetic ackl. formic add, dichloromethane, chloroform, an 



optionally mixed solvent therefrom and the Bke. or without solvent, at -78*'C to 120*€ for 1 to 24 hr. 

35 

Method 6: synthetic method of conrpound of formula (IIA) 

[0074] A compound of the formula (14) is kept with an organic base, such as pyridine, triethylamine, diisopropyl- 
ethylamine and the like, or an inorganic base, such as sodium hydride, potassium cart>onate. sodium caitionate, 

40 sodium hydroxide, potassium hydroxide, potassium tert-butoxide, sodium alkoxide, butyllithium and the like, or a suita- 
ble Lewis acki, such as titanium tetrachtoride. thin tetrachtoride, aluminium chlorfoe. boron trif luoride and the like, or a 
suitat>le add. such as suNuric acid, phosphoric acid and the tike, in a solvent that does not adversely affect the reaction, 
such as dichloromethane. chloroform, tetrahydrofuran. dimethyl sulfoxide. N.N-dimethylfbrmamkHe. benzene, toluene, 
xylene, an optionally mixed solvent therefrom and the Eke. at room temperature to 170''C for 1 to 24 hr to give a oom- 

45 pound of the formula (ilA). 

[0075] A compound of the formula (1 4) is kept with a suitable inorganic t>ase, such as sodium hydroxide, potassium 
hydroKkJe. barium hydroxide and the like, in a solvent that does not adversely affect the reaction, such as methanol, eth- 
anol. water, tetrahydrofuran. 1 ,4<fioxane. an optionally mixed solvent therefrom and the like, at room temperature to 
150'C fori to 24 hr to give a compound of the fbrmula (15) 



25 



30 




SO 



SS 
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IS 

wherein each symbol is as defined above. The obtained conpound of the formula (15) is kept with a suitable condens- 
ing agent, such as dicydohexylcaibodumide. diisopropylcarbodumide. N-ethyl-N'-S-dimethylaminopropyfcarbodiimide. 
diethylphosphoryl aade. diphenylphosphoryl azide and the like, in a solvent that does not adversely affect the reaction, 
such as benzene, toluene, xylene, hexane, ethyl acetate, diethyl ether, tetrahydrofuran. dioxane. chloroform, dchlo- 
20 romethane. 1 .2-dichtoroethane. N,N-dimethyfformamide. dimethyl sulfoxide. N-methylpyrolidone. pyrWine. an optionany 
mixed solvent therefrom and the like, at room temperature to lOO'C for 10 min to 24 hr to give a compound of the for- 
mula (IIA). 

Method 7: synthetic method of compound of fonnula (IIA) 

25 

[0076] A compound of the formula (16) 



30 



35 




40 Wherein each symbol is as defined above, is kept with a suitable chlorinating agent such as thionyl chloride, phosphorus 
oxychlorlde, phosphorus pentachtoride. oxalyl chloride and the like in a solvent that does not adversely affect the reac- 
tion such as benzene, toluene, xylene, chloroform. 1.2-dichloroethane. an optionally mixed solvent therefrom and the 
like, or without solvent, at room temperature to 170*C for 1 to 24 hr to give a compound of the famula (17) 



45 



so 




wherein each symbol is as defined above. The obtained compound of the famula (17) is kept with a compound of the 
formula (18) 
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10 wherein each symbol is as defined al3ove, in a solvent that does not adversely affect the reaction such as benzene, tol- 
uene, xylene, hexane, ethyl acetate, diethyl ether, tetrahydrofuran, dioxane, chlorofbrm, dtchloromethane. 1,2-dichlo- 
roethane. N.N-dimethylformamide. dimethyl sidfbxide, N-melhylpyrolidone. pyridine, an optionally mixed solvent 
therefrom and the like, or without solvent in the presence of an organic base, such as fyrWine, triethylamine, diisopro- 
pylethylamine and the like, or an inorganic base, such as potassium carbonate, sodium carbonate, sodium hydroxide. 

15 potassium hydroxide and the like at room tenperature to 170^C for 10 min to 24 hrlo give a compound of the fbmuila 
(19) 




wherein each symbol is as defined above. 

30 [0077] A compound of the formula (19) can be also obtained by keeping a compound of the fbrmila (16) with a 
compound of the formula (18) in a solvent that does not adversely affect tfie reaction such as benzene, toluene, xylene, 
hexane, ethyl acetate, diethyl ether, tetrahydrofuran, dioxane, chloroform, dichloromethane, 1.2-dichloroethane. N.N- 
dimethyllbrmamtde, dimethyl sulfoxide. N*methylpyrolidone. pyridine, an optionaHy mixed solvent therefrom and the like 
and a suitable condensing agent, such as dicyclohexylcartxxlitmide. diisopropylcartxxlDmide. N-ethyl-N'-3*dimethylami- 

35 nopropylcaibodiimlde. diethylphosphoryl azide. diphenylphosphoryl azide and the like at room temperature to 1 0O'^C for 
10 min to 24 hr. 

[0078] The obtained compound of the formula (19) is kept in a solvent that does not adversely affect the reactfon. 
such as methanol, ethanol, N.N-dlmethyHbrmamlde, dimethyl sulfoxide. N-methylpyrolkJone. hexamethylphosphorous 
triamide. benzene, toluene, xylene, chloroform, dichloroethane and the like, an optionally mixed solvent therefrom and 
40 the like, in the presence of an organk: base, such as pyridine, triethylamine. N.N-diisopropylethylamine and the like, or 
an inorganic base, such as potassium carbonate, sodium cait)onate. sodium hydroxide, potassium hydroxkle. sodium 
hydrkie and the like at room temperature to 170^0 for 10 min to 24 hr to give a compound of the formula (IIA). 

Methods: 

45 

[0079] A compound of the fbrmula (llAa) 



50 



55 
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10 




IS wherein each symbol is as defined above, which is a compound of the formula (IIA) wherein X is SO or SO2, can be 
obtained by keeping a t>enzothiophene compound of the formula (llAb) 



20 



25 




(IIAbl 



wherein each symbol is as defined above, with an oxidizing agent, such as hydrogen peroxide, m-chloropeibenzoic 
30 add, sodium periodate. sodium perbromate and the like, in a solvent that does not adversely affect the reaction, such 
as water, ethand, acetic acid, fbmrttc add. dichJoromethane. chloroform, an optionally mixed sdvent therefrom and the 
like, or without sdvent. at -78'C to 12(rC for 1 to 24 hr. 

Methods: 

as 

[0080] A oorrpound of the fdmula (IIAc) 



40 



45 




(IIAc} 



SO 

wherein each symbd is as defined above, which is a compound of formula (HA) wfierein X is N-R^, can be also obtained 
by, for example, keeping a benzothiophene compound of the formula (IIAd) 

55 
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wherein each symbol is as defined above, with an alkyi halide of the formula (6). in a solvent that does not adversely 
75 affect the reaction, such as N.N-dimethylformamide, dimethyl sulfoxide, N-methylpyrolidone. telrahydrofuran, 1 .4<liox- 
ane. an optionally mixed solvent therefrom and the like, or without solvent, in the presence of an organic base, such as 
pyndine, triethylamine. diisopropylethylamine and the like, or an inorganic base, such as sodium hydride, potassium 
carbonate, sodium caibonate, sodium hydroxide, potassium hydroxide, potassium tert-butoxide. sodium alkoxide, butyl- 
lithium, lithium dilsopropylamide and the like at room temperature to 1 TO^'C fori to 24 hr. 

20 

Method 10: 

[0081] A compound of the fbnmila (IIAe) 



30 




35 

Wherein each symbol is as defined above provided that a compound wherein X is NH is excluded, which is a compound 
of formula (IIA) wherein ring B is a benzene ring can be also obtained by keeping a 1,2,3,4-tetrahydrobenzothiophene 
compound of the formula (llAf) 



45 




(UAH 



so wherein each syntool is as defined above, with a suitable oxicfizing agent, such as sulfur, N-bromosuccinimlde, N-chro- 
losucdnlmide, N-rodosuccimmide, dichlorodicyano-p-benzoquinone, or a suitable noble metallic catalyst, such as pal- 
ladium-carbon, palladium hydroxide, palladium black, platinium oxkJe and the like, in a solvent that does not adversely 
affect the reaction, such as benzene, toluene, xylene, mesitylene. chkirofbrm. carix)n tetracNoride. 1.4-dioxane. an 
optionally mixed solvent therefrom and the like, or without solvent at O^'C to 250*C for 1 to 48 hr. 

55 

Method 11: 

[0082] A compound of the formula (llAg) 
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5 




wherein each symbol is as defined above, which is a compound of formula (IIA) wherein substituent on ring A is amino, 
can be obtained by Keeping a compound of the formula (IIAh) 



20 




wherein each symbol is as defined above, which is a oonpound of formula (IIA) wheren a substituent on ring A is nitro. 
with hydrogen, in a solvent that does not adversely affect the reaction, such as methanol, dhanol. ethyl acetate, diox- 
ane. benzene, toluene, xylene, diethyl ether, chloroform, 1.2-dichloroettiane. an optionally mixed solvent therefrom and 
30 the like, using palladium-carbon, palladium hydroxide, platinium oxide and the like as a catalyst at 0*C to lOO^'C and 
from normal pressure to 100 atm for 10 min to 24 hr. 

Method 12: 

35 [0083] A compound of the formula (IIAI) 



40 



45 




(DAi) 



wherein R^^ is fluorine, cNorine. bromine, iodine or cyano and other symbols are as defined above, which is a com- 
pound of formula (IIA) wherein substituent on ring A is cyano or halogen, can be obtained by diazotizing a compound 
so of the formula (llAg) in a solvent that does not adversely affect the reaction, such as water, diluted hydrochloric add and 
the like and using sodium nitrite and the like at - 10"C to room temperature and keeping with f luoroboric acid, hydrogen 
fluoride-pyridine, sodium chloride, cuprous chforide. sodium bromkie. cuprous bromide, sodium iodkie, potassium 
iodkje and the like at -10"C to 100*^0. 

55 Method 1 3: synthetic method of compound of fomnula (lA) wherein X is NH and bond shown by dotted line and solid 
line in B ring is double bond 

[0084] Using a benzylcyankie confound of the fomiula (20) 



25 
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5 




10 wherein each symbol is as defined above, as a starting material and according to the method described in Japanese 
Patent Unexamined Publication No. 7-89965 to give a benzothiophene compound of the lormula (21) 



15 




wherein each symkx>l is as defined above. 

[0085] The obtained compound of the fomnula (21) is l<ept with a compound of the formula (13) in a solvent that 
does not adversely affect the reaction, such as N,N-dimethylforniamide. dimethyl suKoxide. N-methylpyrolidone. tet- 
25 rahydrofuran. ethanol. 1.4-dioxane. an optionally mixed solvent therefrom and the tike, or without solvent, in the pres- 
ence of an organic base, such as pyridine, triethytamine, diisopropylethylamine and the like, or inorganic base, such as 
sodium hydride, potassium cartx)nate, sodium cart>onate. sodium hydroxkle. potassium hydroxkJe, potassium tert- 
butoxide. sodium alkoxide, butyllithium or the like at -SO'^C to 1 70''C for 1 to 24 hr to give a compound of the formula (22) 



50 




40 

wherein each symbol is as defined above. 

[0066] The obtained compound of the formula (22) is kept with a sultat)le reducing agent such as iron, zinc, tin(ll) 
chlorkJe and the like, in a solvent that does not adversely affect the reaction, such as ethanol, methanol. 1 .4-dioxane. 
dtmelhyltormamide. acetic ackl. water, an optfonally mixed solvent therefrom and the like, in the presence of a suitable 
45 acid, such as hydrochloric acid, sulfuric acid, nitric add. phosphoric ackl. acetic add and the like at -20°C to ISO'^C for 
1 to 24 hr to give a compound of the formula^) 



so 



55 
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wherein each symbol is as defined above or a salt thereof with an inorganic acid, such as hydrochloric acid, sulfuric 
acid, nitric acid, phosphoric acid and the lii<e. 

[0087] A compound of the formula (23) can be obtained by keeping a compound of the formula (22) with hydrogen 
from normal pressure to 100 atm in a solvent that does not adversely affect the reaction, such as ethanol. methanol. 
5 ethyl acetate, dimethylformamide, acetic acid, water, an opttonalty mixed solvent therefrom and the like or without sol- 
vent, in the presence of a suitable metallic catalyst, such as palladium-carbon, palladium black, palladium hydroxide. 
Raney nickel, platinium oxide and the like at room temperature to 1 SO^'C fori to 24 hr. or by keeping a compound of the 
formula (24) 




wherein each symbol is as defined above, which is obtained by keeping with a suitable reducing agent, such as sodium 
hydrosulfite, iron, zinc, tin(ll) chloride and the like in the presence of hydrochloric add. acetic add and the like, or under 
neutral conditions, at -20*'C to 1 50*^0 for 1 to 24 hr is kept in a solvent that does not adversely affect the reaction, such 

2$ as benzene, toluene, xylene, dimethyl sulfoxide, N.N -dimethylformamide. 1.4-dioxane. ethanol. methanol, acetic acid, 
water, an optionally mixed solvent therefrom and the like, in the presence or absence of an suitable inorganic add, such 
as hydrochloric acid, sulfuric add. nitric add. phosphoric add and the like, at room tenperature to ISO'^C for 1 to^24 hr. 
[0088] The obtained compound of the formula (23) is kept with a conpound of the formula (1), (2). (3). (26), (27). 
(28). (29) or (30) in a solvent that does not adversely affoct the reaction, such as benzene, toluene, xylene, dimethyl 

30 sulfoxide. N,N*dimethyltormamide. an optionally mixed solvent therefrom and the like, or without sdvent, in the pres- 
ence of a suitable organic base, such as pyridine, triethylamine. diisopropylethylamine and the like, or inorganic base, 
such as potassium cartmate. sodium cart)onate and the Ite, or in the absence of a base at room temperature to ISCC 
for 1 to 20 hr to give a compound of the formula (lA) wherein X is NH and the bond shown by a dotted line and a solid 
line in the B ring is a double bond. 

3S 

Method 14: Compounds of formulas (lAe) and (lAf) 
[0089] 

40 



45 



SO 




ss 

wherein each symbd is as defined above, provkted that when X is NH, the bond shown by a dotted line and a solid line 
Is not a single bond, which are the compounds of the formula (I A) wherein is of formula (2) or (3) and or is 



27 
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hydrogen, can be also obtained l^eeping a compound wherein is all^oxycarbonyl or acyt of the Ibrmuia (2a). (2b), 
(3a) or (3b) 



10 



N N — CCX)R*^ 

HI. 



-N N — COR' 



IS 



20 



|3«| 



(3b| 



25 



30 



35 



wherein R''^ is ali^l or aralkyl. R^® is aikyi or aryl and b is as defined above, in a solvent that does not adversely affect 
the reaction, such as ethanol. methanol, 1 ,4-dioxane, tetrahydrofuran. benzene. Iduene. water, an optbnally mixed sol- 
vent therefrom and the Oke or without using a solvent, in the presence of an inorganic acid such as hydrochloric add, 
sulfuric acid and the like or an organic acid such as acetic acid, trrfluoroacetic acid, p-toluenesulfonic acid and the like 
at O'C to 150^0 fori to 18 hr 

[0090] The compounds (lAe) and (lAf) can be also obtained by keeping compounds of the formulas (2c) and (3c) 





|3c) 



40 



Wherein R^ is aryl and b is as defined above, with hydrogen at nomial pressure to 100 atm in a solvent that does not 
adveisety affect the reaction, such as ethanol, methanol, ethyl acetate, dimethylfomnamide. acetic acid, water, an 
optionally mixed solvent therefrom and the like, or without solvent, in the presence of a suitable metallic catalyst, such 
as palladium-carbon, palladium black, palladium hydroxide. Raney nickel, platinium oxide and the like at room temper- 
ature to 150*C for 1 to 24 hr. 



50 



ss 
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Method 15: Cornpounds of fornrutas (lAg) and (lAh) 
100911 



5 



10 



15 




20 

wherein and R^* are each acyt or aIkoxycartx)nyl and other symbols are as defined above, provided that when X is 
NH and the bond shown by a dotted line and a solid line is not a single bond, which are the compounds of the fbrmuta 
(lA) wherein is formula (2) or (3) and R^ or R^ is acyl or alKoxycarbonyl. can be obtained by keeping compounds 
(lAe) and (lAQ (R^ or R^ is hydrogen) with a suitable acylating agent, such as acyl hafide of the fbrmula (31) 

25 

Hal-COR^^ (31) 
wherein Hal is halogen and R^^ is alkyi or aryt. or acid anhydride of the formula (32) 
30 (R^^C0)2 0 . (32) 

wherein R^^ is as defined above, or ester halide of the formula (33) 

Hal-C00R2<> (33) 

35 

wherein Hal is halogen and R^ is alkyl or aralkyi as an alkoxycarbonylating agent, in a solvent that does not adversely 
affect the reaction such as benzene, toluene, xylene, chloroform. 1 ,4-diOKane. tetrahydrof uran. an optionally mixed sol- 
vent therefrom and ttie like, or without solvent in the presence of a basic reagent, such as pyzidine, triethylamine. N. 
N-dlmethylaminopyrrdlne, sodium hydride, potassium carbonate, sodium hydroxide, potassium tert-t)utoxkie, sodium 
40 alkoxide, butyllrthium, lithium diisopropylamine and the like, at -50 to 150°C forio min to 15 hr. 



so 



55 
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Method 1 6: Compounds of formuias (lAI) and (lAj) 



10092] 



5 




10 



IS 



20 



Wherein rS- and • are each alkyi, cycloalkyl. amikyi, hydroxyalkyl. hydroxyafkoxyalkyl, aminoalkyl. monoalky^mi- 
noalkyl. dialkylaminoalkyl or alkoxyalkyi and other symbols are as defined aboi/e. provided that when X is NH, the bond 
shown by a dotted line and a solid line is not a single bond, which are the compounds of the formula (lA) wherein is 
25 of formula (2) or (3) and R^ or R® is alkyI, cycloalkyl. aralkyl. hydroxyalkyl. hydroxyalkoxyalkyl. aminoalkyl. 
monoalkylamtnoalkyl. dialkylaminoalkyl or alkoxyalkyi. can be obtained by keeping compounds (lAe) and (lAf) (R® or R^ 
is hydrogen) with a suitable alkylating agent, such as compound of the formula (34) 



wherein Hal is halogen and R^^ is alkyl. cycloalkyl. aralkyl. hydroxyalkyl. hydroxyalkoxyaikyi, aminoalkyl. monoalkylami- 
noalkyl, dialkylaminoalkyl or alkoxyalkyi in a solvent that does not adversely affect the reaction, such as benzene, tolu- 
ene» xylene, chloroform, 1.4-diQxane. tetrahydrofuran. an optionally mixed solvent therefrom and the like, or without 
solvent, in the presence of a suitable basic reagent such as pyridine, triethylamine. N.N-dlmethylaminGpyridine. sodium 
35 hydride, potassium cartwnate. sodiivn hydroxide, potassium tert-butoxide. sodium alkoxide. butyllithium, lithium diiso- 
propylamine and the like at -50 to 200»C for 10 min to 24 hr. 

Method 17: Of the compounds of the formula (lA), a compound wherein R^ is of the formula (27). (28). (29) or (30) can 
be obtained by keeping the corresponding compound (1 ). (2). (3) or (26) with a suitable oxidizing agent, such as aque- 
40 ous hydrogen peroxide, m-chloroperbenzoic acid, tert-butyl hydroperoxide and the like in a solvent that does not 
adversely affect the reaction such as methylene chlorkle. chloroform. 1,2-dimethoxyelhane. benzene, toluene, diethyl 
ether, tetrahydrofuran. 1 .4-dioxane, methanol, elhanol, water, an optionally mixed solvent there from and the like at -30 
to130«C f6r10minto12hr. 

45 Method 18: 

[0093] A compound of the fbmiula (IIA) wherein X is O. S. SO or SO2 and the bond shown by a dotted line and a 
soiki line in the B ring is a double bond can be also obtained by keeping a compound of the formula (HA) wherein X is 
O, S, SO or SO2 and the bond shown by a dotted line and a solkl line in the B ring is a single bond in a solvent that does 
so not adversely affect the reaction, such as benzene, toluene, xylene, mesitylene, dichloromethane. chloroform, ethyl 
acetate, methanol, ethand, tetrahydrofuran. 1.4-dioxane. dimethyl sulfoxkfe. N.N-dimethyHbrmamkle. an optionally 
mixed solvent therefrom and the like, in the presence of a suitable oxidizing agent, such as 2,3-dichloro-5,6-dk:yano- 
1 .4-benzoquinone. chloranil, manganese dk)xide, nickel peroxide, palladiunvcarbon, lead tetraacetate and the Gke at 
room temperature to 200'C for 1 to 24 hr. 



Hal-R2^ 



(34) 



30 



55 



Method 1 9: synthetic method of compound of formula (IB) 



[0094] A thienobenzoxazepinone conipound of the formula (IIB) 



30 
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5 




(in) 



10 

wherein each symbol is as defined above, is kept with a suitable chlorinating agent such as thionyl chloride, phosphorus 
oxychtoride. phosphorus pentachloride and the like in a suitable solvent, such as a solvent that does not adversely 
affect the reaction (e.g.. benzene, toluene, xylene, chloroform, 1 ,2-dichloroethane, an optionally mixed solvait there- 
from and the like), or without solvent, at room temperature to ITO^'C fori to 24 hr to give a compound of the formula (4B) 

IS 



20 




25 

wherein each symtx)l is as defined above. Then, a compound of the formula (4B) is kept with a compound of the formula 
(5) 

H-R3 (5) 

30 

wherein is as d^lned above, in a suitable solvent, such as a solvent tinat does not adversely affect the reaction (e.g.. 
benzene, toluene, xylene, chloroform, 1 ,2-dichlaoethane. an optionally mixed solvent therefrom and the like), or with- 
out solvent, at room temperature to 1 70*^0 for 1 to 24 hr to give a compound of the formula (IB). 

35 Method 20: synthetic method of compound of formula (IBa) 

[0095] 




dBal 



so wherein W is an oxygen atom or nitrogen atom bonded with hydrogen or one C1-C5 alkyi, and R^^ are the same or 
different and each is hydrogen. • C4 alkyl and the like, c is an integer of 0 to 4. and other symbols are as defined 
above, which is a compound of formula (IB) (Ra* is hydroxyalkyl, an^noalkyl or monoalkylaminoalkyi) 
[0096] i=or exanple, a compound of the formula (IBb) (Ra* is acyloxyalkyi or acylaminoalkyi). which is synthesized 
according to Method 19 

55 
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10 




OBb) 



wherein R^^ is hydrogen or alkyi having 1 to 4 carbon atoms, and the like and other symbols are as defined above» is 
kept with a base such as sodium hydroxide, potassium hydroxide, ammonia and the like or an add such as hydrochloric 
15 acid, hydrobromic add, acetic add. formic acid, sulfuric acid and the like, in water or in a mixed solvent of water and a 
suitable solvent such as methanol, ethanol. pyridine, dioxane and the like at room temperature to lOO^^C IbrlO min to 
24 hr to give a compound of the formula (IBa). 

Method 21 : synthetic method of compound of formula (IBc) 

20 

[0097] 



25 



30 




<IBc| 



Wherein each symbol is as defined above, which is a compound of the formula (IB) wherein substituent on ring A is 
hydroxy, amino or monoalkylamino 
35 [0098] For example, a compound of the formula (IBd) whfoh is a compound of the formula (IB) ¥irtierein substituent 
on ring A is acyloxy or acylamino 




imd) 



wherein each symbol is as defined above, is kept with a base such as sodium hydroxide, potassium hydroxide, ammo- 
60 nia and the like or an ackf such as hydrochloric acid, hydrobromic acid, acetic acid, formic acid, sulfuric acid and the 
like in water or a mixed solvent of water and a suitable solvent, such as methanol, ethanol. pyrkline, dioocane and the 
like, at room tenperature to 1 0C'C for 10 min to 24 hr to give a compound of the formula (IBc). 



55 
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Method 22: synthetto method of compound of formula (IBe) 
[0099] 



10 




(IBe) 



IS 

wherein each symbol is as defined above, which is the compound of formula (IB) wherein substituent on ring A is amino 
[0100] A conpound of the formula (IBf) 



20 



25 




wherein each symbol is as defined above, which is the compound of the formula (IB) wherein substituent on ring A is 
30 nitre, and which is synthesized according to Method 19, is kept with hydrogen in a suitable solvent, such as a solvent 
that does not adversely affect the reaction (e.g., methanol, ethanol. ethyl acetate, dioxane. benzene, toluene, xylene, 
diethyl ether, chloroform. 1,2-dichloroethane. an optionally mixed solvent therefrom and the like), using palladum-acti- 
vated carbon, palladium hydroxide* platinium oxide and the like as a catalyst, at C'C to 1 00*^0 at normal pressure to 100 
atm for 10 min to 24 hr, to give a compound of the fomiula (IBe). 

35 

Method 23: synthetic method of compound of formula (IIB) 

[0101] 2-Halogeno-3-thiophenecart)oxy{ic acid derivative of the formula (35) 




wherein Hal is halogen and other symbols are as defined above, is kept with a suitable chforinating agent such as thio- 
50 nyl chloride, phosphorus oxychloride, phosphorus pentachloride. oxalyl chloride and the like in a suitable solvent, such 
as a solvent that does not adversely affect the reaction (e.g.. benzene, toluene, xylene, chloroform. 1 ,2-dichloroethane, 
an optionally mixed solvent therefrom and the like), or without solvent at room temperature to ^70''C for 1 to 24 hr to 
give a compound of the formula (36) 
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Ra' 



(361 



10 



wherein each synlbol is as defined above. 

[0102] The obtained compound of the fbrmula (36) is 1^ with a compound of the tomiula (37) 



15 




NH2 



|37l 



so 



OH 



wherein ring A is as defined above, in a suitable solvent such as a solvent that does not adversely affect the reaction 
25 (e.g., benzene, toluene, xylene, hexane. ethyl acetate, diethyl ether, tetrahydrofuran. dioxane. chloroform, dichlo- 
romethane, 1.2-dichloroethane. N.N-dimethylformamide, dimethyl sulfoxide, N-m^hylpyrolidone. pyzidine. an option- 
ally mixed solvent therefrom and the like), or without solvent, in the presence of an organic base, such as pyridine, 
triethyiamine, diisopropylethylamlne and the like, or an inorganic base, such as potassium carbonate, sodium carbon- 
ate, sodium hydroxkie. potassium hydroxide and the like, at room temperature to 170*C for 10 min to 24 hr to give a 
30 compound of the formula (38) 



wherein each symbol is as defined above. 

[0103] The compound of the fbrmula (38) can be also obtained by keeping a compound of the fbrmula (35) and a 
conpound of the formula (37) in a suitable solvent, such as a solvent that does not adversely affect the reaction (e.g.. 

45 benzene, toluene, xylene, hexane. ethyl acetate, diethyl ether, tetrahydrofuran, dioxane. chloroform, dichloromethane, 
1 ,2-dk:hloroethane. N.N<limethylformamide. dimethyl sulfoxkJe, N-methylpyrolidone, pyridine, an optionally mixed sol- 
vent therefrom and the like), together with a surtat)le condensing agent, such as dk^ydohexylcarbodiimkJe. dirsopropyl- 
carbodiimkie. N-ethyl-N'-3-dimethylaminopropylcarbodiimMe. diethytphosphoryl azkJe. diphenylphosphoryl azide and 
the like at room temperature to 100*^0 for 10 min to 24 hr. 

$0 [01041 The obtained compound of the formula (38) is kept In suitable solvent, such as a solvent that does not 
adversely affect the reaction (e.g., methanol, ethanol. N.N-dimethylformamide, dimethyl sulfoxide, N-methylpyrolidone, 
hexamethylphosphonjs triamkle. benzene, toluene, xylene, chloroform, dichloroethane and the like, an optionally mixed 
solvent therefrom and the Bke). in the presence of an organic base, such as pyrxline, triethyiamine. N. N-diisopropyl* 
ethylamine and the like, or an inorgank; base, such as potassium carbonate, sodium carbonate, sodium hydrcodde. 

55 potassium hydroxide, sodium hydride and the like or metal alkoxkie or sodium ethoxkie. sodium methoxkie. potassium 
tert-butoxkJe and the like at room temperature to MQ'^C for 10 min to 24 hr to give a compound of the formula (MB). 



35 




138) 



40 
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wherein R^^ is atkyi having 1 to 4 carbon atoms such as methyl, ethyl, propyl, butyl and the like and other symbols are 
as defined above, which is a compound of formula (MB) wherein Ra* is acyl other than formyl 
[0106] A compound of thelbrnujia (lIBb) which is a compound of the formula (MB) wherein Ra' is hydrogen and syn- 
20 thesized according to Method 23 



2S 



30 




wherein each symbol is as defined above, is kept with a compound of the formula (39) 



as 



40 



? 



-Hal 



P9) 



wherein each symbol is as defined above or a compound of the fbrmuta (40) 



45 



o 

II 



o 

II 



(401 



SO 



wherein R^ is as defined above, in the presence of an aluminium chloride and the like in a suitable solvent such as a 
solvent that does not adversely affect the reaction (e.g . nitrobenzene, hexane. chloroform. 1.2-dichloroethane and the 
like, an optionally mixed solvent therefrom and the like), from O'C to 100*'C for 10 min to 24 hr to give a compound of 
55 the formula (IIBa). 
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Method 25: synthetic method of compound of formula (IIBc) 
[0107] 

5 



10 




(IIBc) 



wherein each symbol is as defined above, which is a compound of formula (IIB) wherein Ra' is fonnyl 
[OlOq A compound of the formula (IIBc) can be obtained by keeping a compound of the formula (lIBb) with alumin- 
ium chloride and the like in a suitable solvent, such as a solvent that does not adversely affect the reaction {e.g.. 

20 nitrobenzene, hexane, chloroform. 1 ,2-dichloroethane and the like, an optionally mixed solvent therefrom and the Kte), 
in the presence of dichloromethylmelhyl ether and the like at 0»C to lOO'C for 10 min to 24 hr. 
[0109] In addition, a compound of the formula (IIBc) can be also obtained by keeping a compound of the formula 
(lIBb) with N,N-dimethylformamide. N-methyHbrmanilide, N-methylmorpholine, N,N-diisopropylformamide and the like, 
in a suitable solvent, such as a solvent that does not adversely affect the reaction (e.g.. N.N-dimethylformamide. dime- 

2ff thyl sulfoxide, N-methylpyroIkione. hexamethylphosphorous triamide. benzene, toluene, xylene, chloroform, cfichlo- 
roethane and the like, an optionally mixed solvent therefrom and Ihe like), or without solvent, in the presence of an 
halogenaling agent such as phosphorus oxychloride. phosgene, oxalyl chforide. thionyl chloride and the like, at O'C to 
100*Cfor 10minto24hr. 

30 Method 26: synthetic method of compound of formula (IIBd) 
[OIIQ] 



35 



40 




wherein each symbol is as defined above, whteh is a compound of formula (IIB) wherm Ra* is hydrcocyalkyl. aminoaikyl 
45 or monoalkylaminoalkyl 

[01 11] A compound of the fomriula (IIBe) (IIB wherein Ra* is acyloxyalkyi or acylaminoalkyi) 



so 



55 




IHBc) 



wherein each symbol is as defined above, synthesized according to the Method 36 to be mentioned later is kept with a 
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base such as scxfium hydroxide, potassium hydroxide, amnionia and the Gke or an add such as hydrochloric acid, hyd- 
robromic add, acetic add, formic add. sulfuric add and the like in a suitable solvent such as water and a mixed solvent 
of water and a suitable solvent (e.g., methanol, ethand, pyridine, doxane and the like), at room temperature to 100'C 
for10 min to 24 hr to give a conrpound of the fbmnula (IIBd). 

Method 27: synthetic method of compound of Ibnmula (IIBf): 
[0112] 



10 



15 




so 

wherein R^^ and are the same or different and each is alkyi having 1 to 4 carbon atoms and other symbols are as 
defined above, from among the compounds of formula (IIB) wherein Ra' is hydroxyalkyi 
[0113] For exanrpte, a compound of the formula (IS g) 



25 



30 




35 

wherein each symbol is as defined above, is kept wHh an alkyI metal compound such as a compound of the fbnnula (41) 

R^^MgBr (41) 

40 Wherein R^® is alkyl having 1 to 4 cait)on atoms, and the like, in a suitable solvent such as a soh^ent that does not 
adversely affect the reaction (e.g.. benzene, toluene, xylene, diethyl ether, telrahydrofuran, chtoroform, dichloroethane, 
^ an optionally mixed solvent therefrom and the like), at O^'C to 1 00<'C for 10 min to 24 hr to give a compound of the for- 

mula (IIBf). 

\ 
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Method 28: synthetic method of compound of formula (IIBh): 
[0114] 



5 



10 




(IBh} 



OH 



wherein each symbol is as defined above, from among the compounds of fomiula (IIB) wherein Ra' is hydroxyalkyi 
[0115] For example, a compound of the formula (lIBi) 



20 



2$ 




inBil 



30 

wherein each symbol is as defined above is kept with sodium boron hydride, lithium aluminium hydride and the like in 
a suitable solvent, such as a solvent that does not adversely affect the reaction (e.g., methanol ethanol. benzene, tol- 
uene, xylene, diethyl ether, tetrahydrofuran, chtoroform, dichloroethane, an optionally mixed solvent therefrom and the 
like), at O^'C to lOO'^C for 10 min to 24 hr to give a compound of the formula (IIBh). 

35 

Method 29: synthetic method of compound of formula (llBj): 
[0116] 



4S 



SO 




55 wherein each symbol is as defined atx)ve. from among the compounds of fomiula (IIB) wherein Ra* is hydroxyalkyi 
[01 17] For example, a compourK) of the formula (UBc) is kept with a compound of the formula (41 ) in a suitable sol- 
vent, such as a solvent that does not adversely affect the reaction (eg., benzene, toluene, xylene, diethyl ether, tetrahy- 
drofuran, chloroform, dichtoroethane, an optfonaily mixed solvent therefrom and the like), at 0*C to 100*C for 10 min to 
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24 hr to give a corrpound of the fbrimjla (IIBj). 
Method 30: synthetic method of compound of fomnula {WBk): 
5 [0118] 



10 



15 




(IDkl 



wherein R^^, R^^ and R^^ are the same or different and each is hydrogen or alkyi having 1 to 3 carbon atoms and other 
20 symbols are as defined above, from among the compounds of formula (IIB) wherein Ra* is alkenyl 

[0119] Of the compounds of formula (KB} wherein Ra' is hydroxyalkyl. a compound of the formula (IIBI) 



25 



30 




35 



40 



45 



SO 



wherein each symbol is as defined above, is kept in a suitable solvent, such as a solvent that does not adversely affect 
the reaction (e.g.. methanol, ethanol. N.isj-dlmethylfbrmamide. dimethyl suffoxkJe, N-methylpyrolidone. hexamethyl- 
phosphorous triamide, benzene, toluene, xylene, chlorofomfi, dichloroethane and the like, an optionally mixed solvent 
therefrom and the like) in the presence of an ackJ. such as hydrochtoric add. p-toluenesulfonic acid. methanesuHbnic 
acid, trifluoroacetic acid and the like at room temperature to 190"C to give a compound of the formula (lIBk). 

Method 31 : synthetic method of compound of fomnula (IIBm) 

[0120] 




(IIBm) 



wherein each syn^l is as defined above, from among the compounds of formula (IIB) wherein Ra* is alkyl 
[0121] A compound of the formula (llBi) Is kept with triethylsilane. lithium aluminium hydride and the like In a suita- 
ble solvent, such as a solvent that does not adversely aftect the reaction (e.g.. trtfluoroacetic acid, benzene, toluene, 
xylene, diethyl ether, chtorotorm. dichloroethane. an optionally ntixed solvent therefrom and the like) at 0*C to 100*C for 
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10 min to 24 hr to give a compound of the Ibrmuta (IIBm). 

Method 32: synthetic meltiod of compound of formula (tIBn) 
5 [0122] 



10 




15 

wherein is alkyi having 2 to 5 cartjon atoms and other symbols are as defined above, which is a compound of for- 
mula (MB) wherein Ra' is alkyi other than methyl 
[01 23] A compound of the formula (I IBo) 



25 




wherein is alkenyl having 2 to 5 cart>on atoms and other symbols are as defined above, which is a compound of the 
formula (MB) wherein Ra' is alkenyl. is kept with hydrogen in a suitable solvent, such as a solvent that does not adversely 
affect the reaction (e.g., methanol, ethand. ethyl acetate, diocane, benzene, toluene, xylene, diethyl ether, chloroform. 
35 1.2-dichloroethane, an optionally mixed solvent therefrom and the like) using palladium-activated cartson. palladium 
hydroxide, platinium oxide and the like as a catalyst at C'C to 1 0O'^C from nonmal pressure to 1 0O atm for 1 0 min to 24 
hr to give a conpound of the formula (IIBn). 

Method 33: synthetic method of cornpound of fomnula (lipp) 

40 

[0124] 



45 




(imp) 



wherein each symt>ol is as defined above, which is a compound of formula (IIB) wherein Ra* is halogen 
[0125] A compound of the formula (lIBb) is kept with fluorine, chlorine. t)romine, iodine, iodine monochlorkie, N-bro- 
ss mosucdnimide. N-iodosuccinimide and the like in a suitable solvent, such as a solvent that does not adversely affect 
the reaction (e.g.. acetic acki, methanol, ethanol, ethyl acetate, dioxane, benzene, toluene, xylene, diethyl ether. cNo- 
roform. 1 .2-dlchloroethane. an optionally mixed solvent therefrom and the like), at room temperature to lOC'C for 10 
min to 24 hr to give a compound of the formula (IIBp). 



40 
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Method 34: synthetic method of compound of fomiula (IIBq) 
[0126] 



10 




15 

wherein Ar is aryl or heteroaryl and other symtx)ls are as defined above, which is a compound of the formula (ilB) 
wherein Ra* is aryl or heteroaryl 

[0127] A compound of the fomiula (IIBp) is kept with a compound of the formula (42) 
^ Ar-Y (42) 

wherein Y is dihydroxyboryl. diethyltx>ryl. tributytstannyl. trlmethylstannyl and the like and Ar is as defined atxyve, and 
tetrakistriphenylphosphine palladium and the like, in a suitable solvent such as a solvent that does not adversely affect 
the reaction (e.g.. methanol, ethanol. ethyl acetate, dioxane. benzene, toluene, xylene, diethyl ether. cNoroform, 1,2- 
25 dichloroethane. an optionally mixed solvent therefrom and the like), at room temperature to lOO'^C for10 min to 24 hr 
to give a compound of the formula (IIBq). 

Method 35: synthetic method of compound of formula (IIBr) 

30 [0128] 



35 




(UBrl 



wherein and are the same or different and each Is hydrogen, or alkyi having 1 to 5 caft>on atoms such as 
methyl, ethyl, propyl, butyl, pentyl and the like and other symbols are as defined above, which is a compound of the fbr- 
45 mula (MB) wherein Ra' is aminoalkyl. monoalkylaminoalkyl or dialkylaminoalkyi 

[0129] Of the compounds of the formula (MB) wherein Ra* is hydroxyaikyl. a compound of the formula (IIBs) 
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wherein each symbol is as defined above is kept with a compound of the formula (43) 



O 

IT* — S — Hal 
O 



(43) 



10 



IS 



so 



wherein is melhyt, ethyl, trifluoromethyl, phenyl. 4-methytphenyi and the like and Hal is as defined above or a com- 
pound of the formula (44) 



o o 

R^— S— O— S — 
II II 

o o 



|44| 



wherein R^^ is as defined above, in a suitable solvent such as a solvent that does not adversely affect the reaction (e.g.. 
benzene, toluene, xylene, chloroform, dichloroethane, pyridine, an optionally mixed solvent therefrom and the like), in 
25 the presence of an organic base, such as pyridine, trielhylamine arxJ the like, or an inorganic base, such as potassium 
cait)onate. sodium carbonate, sodium hydroxide, potassium hydroxide and the like, at room temperature to 170°C for 1 
to 24 hr Id give a compound of the formula (45) 



30 




H5) 



40 wherein each symbol is as defined above. 

[0130] The obtained compound of the formula (45) is kept with a compound of the formula (46) 



>34 



45 



/ 
HN^ 



so 



wherein each symbol is as defined above, in a suitable solvent, such as a solvent that does not adversely affect the 
reactton (e.g.. methanol, ethand. dioxane. benzene, toluene, xylene, diethyl ether, cNoroform. dicNoroethane. an 
optionally mixed solvent therefrom and the like), at room tenperature fo lOO^'C tor 10 min to 24 hr to give a conrpound 
ofthefonmula(llBr). 
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IMethod 36: synthetic method of compound of fomiula (IIBe) which is a compound of formula (MB) wherein Ra' is acy- 
loxyaikyl or acylaminoaB<yl 

[0131] For example, the above-mentioned compound of the formula (IIBd)» which Is a cornpound of the formula (IIB) 
5 wherein Ra' is aminoalkyi or monoalkylanrtinoalkyi, s kept with the above-mentioned compound of the formula (39) or 
(40), or ethyl formate, phenyl formate and the like, in a suitable solvent, such as a solvent that does not adversely affect 
the reaction (&g.. benzene, toluene, xylene, chloroform, dichloroethane. pyridine, an optionally mixed solvent therefrom 
and the like), at room temperature to lOO^'C for 10 min to 24 hr to give a compound of the formula (IIBe) 

10 Method 37: synthetic method of coinpound of formula (IIBt) 

[0132] 



IS 



30 




inBt) 



wherein each symtxsl is as defined alxsve. which is a compound of formula (IIB) wherein Ra* is nitre 
25 [0133] For example, a compound of the formula (lIBb) is reacted with a suitable nitrating reagent, such as concen- 
trated nitric add-concentrated sulfuric £K;id. acetyl nitrate, nitronium tetrafluoroborate and the like, at O^'C to lOO^'C for 
1 0 min to 24 hr to give a compound of the formula (IIBt). 

Method 38: synthetic method of compound of fomnuta (llBu) 

30 

[0134] 



35 



40 




iUBu) 



wherein each symt»l is as defined above, which is a compound of formula (IIB) wherein substituent on ring A is amino 
[0135] A compound of the formula (IIBv) which is a compound of the formula (116) wherein the substituent on ring 
45 A is nitro 



50 




wherein each symt)ol is as defined atx»ve» is kept with hydrogen in a suitable solvent, such as a solvent that does not 
adversely affect the reactfon (e.g.. methanol, ethanol, ethyl acetate, dioxane. benzene, toluene, xylene, cfiethyl ether. 
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chloroform. 1 .2-dichloroethane. an optionally mixed solvent therefrom and the like), using palladium-activated cartx>n. 
palladium hydroxide, platlnlum oxide and the like as a catalyst, at O^'C to 100^0 and normal pressure to 100 atm for 10 
min to 24 hr, to give a compound of the formula (llBu). 

5 Method 39: synthetic method of compound of formula (IIBw) 



wherein Z is fluorine, chlorine, bromine, iodine or cyano and other symbols are as defined above, which is a compound 

20 of formula (IIB) wherein substituent on ring A is cyano or halogen 

[0137] For example, a compound of the fomnula (llBu) is diazotized In a suitable solvent, such as a solvent that does 
not adversely affect the reaction (ag.. water, diuted hydrochtoric acid, and the like) using sodium nitrite and the like at 
-lO^'C to room temperature, and kept with fluoroboric add, hydrogen fluoride-pyridine, sodium chloride, cuprous chlo- 
ride, sodium bromide, cuprous bromide, sodium iodide, potassium iodide and the like at -lO'^C to lOO^'C to give a com- 

2S pound of the formula <IIBw). 

[0138] When the conr^und obtained according to the above-mentioned method is to be purified as a salt of inor- 
ganic add or organic acid, the following steps are taken. A compound of the formula (lA) or a compound of the formula 
(IB) is dissolved in a suitable solvent, such as methanol, ethanol. isopropyl alcohol, ethyl acetate, diethyl ether, diiso- 
propyl ether, benzene, toluene, xylene, chbroform. methylene chloride and the like, an optionally mixed solvent there- 

30 from and the like, and inorganic acid such as hydrochloric add. hydrot)romic acid, sulfuric acid, nitric acid, phosphoric 
actd and the like or organic acid such as acetic add, propronic acid, succinic acid, glycoiic acid, lactic acid, malic acid. 
methanesuKonic acid. benzenesuHonic acid, p-toluenesulfonic acid, camphorsulfonic acid, ascorbic acid, maleic add. 
citric acid, tartaric add. fumaric add and the like or a hydrate thereof is added. The resulting aystals were recrystallized 
from a suitable solvent, such as methanol, ethanol. isopropyl alcohol, ethyl acetate, diethyl ether, diisopropyl ether, ben- 

35 zene. toluene, xylene, chloroform, methylene chlorkie. dichloroethane and the like or a mixed solvent thereof to give a 
salt of an Inorganic acid, organic add. f^rate or solvate of a compound of the formula (lA) or a compound of the for- 
mula (IB). 

[0139] The obtained compound of the present invention can be purified by one or more methods selected from 
crystallization, chromatography, extraction and filtration. When the resulting purified compound is a racemate. a desired 
40 optically active compound can be separated by. for example, preparative recrystallizaton from an optfoally active add. 
or by passing the cornpound through a column packed with optfoatly active carrier. The steredsomer can be isolated by 
recrystaliization, column chromatography and the like. 

[0140] Hie compound of the formula (I), particulariy (lA) and (IB), of the present invention obtained in the atx)ve- 
mentioned manner is useful as a novel antipsychotic agent which is effective for hoXh the positive and negative symp- 

45 toms of schizophrenia, which causes less skte effects of extrapyramkial motor disorder and the like and which causes 
less serious side effects such as agranulocytosis and the like. The present invention compound (I), particularly (lA) and 
(IB), is useful as a therapeutic agent for Alzheimer's disease and manic-depressive illness. The compounds of the for- 
mulas (IIA) and (MB) are useful as important synthetic intermediates for the compounds of the formulas (lA) and (IB). 
[0141] When the conpound of the formula (I) is used as a pharmaceutical agent, the inventive compound is 

so admixed with a pharmaceutically acceptable carrier (e.g., excipient. t>inder. disintegrator, connective, corrigent. emuld- 
fier). diluent, solubilizer and the like to give a pharmaceutk:ai composition by a conventional method, which is formu- 
lated into tablet, capsule, granule, powder, syrup, suspension, solution, injection, infusion, deposit agent, suppository 
and the like and administered orally or parenterally 

[0142] When the tablets are used for oral administration. typk:aliy used canriers indude sucrose, lactose, mannitol. 
55 maltitol. dextran. corn starch and the like, typical lubricants such as magnesium stearate. preservatives such as 
parabens. sortDins and the like, antioxkiants such as ascorbic acid, a-tocopherol, cystein and the like, disintegrators, 
binders and the like. When it is administered orally as capsules, effective diluents indude lactose and dry corn starch. 
A Uqukl for oral use indudes syrup, suspension, solution, emulsfon and the like, which may contain typical inert diluent 



[0136] 



10 



15 
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used in this fietd. such as water In addition, sweeteners or flavors may be contained. 

[0143] tn the case of parenteral administration such as subcutaneous injection, intravenous injection, intramuscular 
injection, intraperitoneal injection, infusion and the (ike. the pH of the active ingredient solution is adequately adjusted, 
bufferized and sterilized. Examples of usable vehicle or solvent include distilled water, Ringer solution, isotonic brine 
5 and the like. For intravenous use. the total concentration of solute is adjusted to make the solution isotonic. 

[0144] Suppositories can be produced by admixing with a drug and a suitable nonirritative excipient such as those 
that are solid at normal temperature but become liquid at the temperature in the intestine and melt in rectum to release 
the drug, such as cocoa butter and polyethylene glycols, and the like. 

[0145] The dose is determined depending on age. body weight. administratk)n time, adnvnistration method, com- 
10 bination of drugs, the level of condition for which a patient is undergoing therapy, and other Victors. The compound of 
the present inventksn. optical isomers thereof and pharmaceutically acceptable salts thereof are low toxic and can be 
used safely. While the dally dose vanes depending on the conditions and body weight of patients, the kind of compound, 
administration route and the like, in the case of oral use, it is about 0.01-300 mg^erson/day. preferably 0.1-100 mg/per- 
son/day, in the case of parenteral use, it is desirably about 0.01-50 mg4>erson/day. preferakJly 0.01 - 10 mg/person/day 
IS for subcutaneous injectbn. intravenous injection, intramuscular injection and intrarectal injection. 

[0146] The present invention is explained in more detail in the foltowing by wa^ of Starting Material Synthesis 
Examples. Examples and Experinwntal Examples that do not limit the present inventk)n in any way. 
[0147] The present invention is explained in more detail in the following by way of Starting Material Synthesis 
Examples. Exanples and Experimental Examples that do not limit the present invention in any way. 

so 

Starting Material Synthesis Example 1 
[0148] 

25 

H5C2OOC 



35 

[0149] Using cydohexanone as a starting material and fbltowing the method disclosed in a publication [Archiv der 
Pharmazie (Weinhetm). 317. 675 (1984)]. ethyl 2-aminoben2o[b]thiophene*3-carboxylate was synthesized. 

^H-NMR (400MH2, CDCI3) 6: 8.10(d, J=7.3H2. 1H). 7.50{d. J=7.3Hz. 1H). 7.31(t, j87.3Hz. 1H). 7.13(t. J=7.3Hz, 
<0 1 H), 6.53(br.s. 2H). 4.42(q. J=7.3Hz. 2H). 1 .46(t. J=7.3Hz, 3H) 

Starting Material Symhesis Example 2 

[0150] 

45 



ss [0151] Using 3-methylcyclohexanone as a starting material and following the nnethod disclosed in a publication 
[Archiv der Pharmazie (Weinheim), 317. 675 (1984)], methyl 2-amino-5-melhytoenzoIblthiophene-3-carbQxylate was 
synthesized. 
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^H-NMR (400MHz. CDQa) 6: 7.89(s. 1H). 7.37(d, J=8.3H2. IH). 6.97(d. J=8.3H2. 1H), 6.49(br.s, 2H), 3.95(s, 3H), 
2.43(s. 3H) 

Starting Material Synthesis Example 3 
[0152] 



10 



IS 



HsCaOOC 




[0153] Using 4-methylcyclohexanone as a starting material and tollowing the method disclosed in a publication 
20 [Archiv der Pharmazle (Weinheim), 31 7. 675 (1 984)], ethyl 2-amlno-6-methylbenzo[b]thiophene-3-carboxylate was syn- 
thesized. 



melting point: 126-128^'C 



2S Starting Material Synthesis Example 4 



[0154] 




[0155] Ethyl 2-aminobenzo|b]thtophene-3-carbGxylate (5 g) and 2-fluorcHiitrobenzene (2 ml) were dissolved in 
N.N-dimethyHbrmamide (150 ml) and heated to 60'C. Thereto was added potassium carbonate (8 g) and the mixture 
was stirred at lOO'C fori 8 hr. After cooling, the reaction mixture was poured into ice water, and the precipitated crystals 
were collected by filtration. The crystals were washed with water and diisopropyl ether and dried at 60^C to give ethyl 
45 2-(2-nitroanilino)-benzo[bJthiophene-3-carboxylate (5.7 g). 

^H-NMR (400MH2, CDCI3) 6: 12.2(s, IH). 8.32(d, J=8.3Hz. IH), 825(d, J=8.3H2, IH). 8.10(d. J=8.8Hz, IH), 7.67- 
7.62(m. 2H). 7.42(t. J=7.8Hz. IH), 7.27(m. IH), 7.16{t Jo7.8Hz. IH), 4.57(q. J«7.3Hz. 2H). 1.52(t. Jo7.3Hz. 3H) 



so 



55 



NSDOCID. <EP 1016e64A1J_> 



46 



/ 



EP 1016 664 A1 

Starting Material Synthesis Example 5 
[0156] 



5 




P 



[0157] Ethyl 2-amlnobenzo[b]thtophene-3-carbaxylate (69.3 g) and 2,4-difluoronitrobenzene {50 g) were dissolved 
in dimethyl sulfoxide (550 ml) and heated to SO^C. Thereto was added potassium carbonate (63 g) and the mixture was 
stirred at 10O''C for 70 min. After cooling the reaction mixture was allowed to cool to TO^'C and poured into water (2.5 
so L). The reaction mixture was allowed to stand still, and filtered. The filtrated orange crystals were washed with ethyl ace- 
tate to give ethyl 2-(5*fluoro-2-nitroanilino)benzo[b]thiophene-3-cart)Oxylate (50.7 g). 

melting point 137-140'>C. 

^H-NMR (400MHz. CDQs) 6: 12.40(br.s. 1IH), 8.33^.29(m, 2H). 7.79(dd. J«7.8, 2.9 Hz. IN). 7.65(d, J=:8.3Hz. IN). 
25 7.42(dd. J»8.3. 8.2Hz, IN). 7.29(dd, 8.3Hz, 1H). 6.80-6.77(n\ 1H), 4.54(q, J^.8Hz, 2H), 1.49(t. J»6.8Hz, 

3H). 

IR (KBr): 3085. 2993. 1624. 1582. 1553. 1510. 1274. 1206. 1035 cm ^ 
MS: m/e360. 

30 Starting IMaterial Synthesis Example 6 

[0158] 



40 




[0159] In the same nwiner as in Starting Material Synthesis Example 4 and using ethyl 2-aminobenzo[b]thi- 
ophene-3-cartx)xylate (4.0 g), 2.4-dichloronitrobenzene (3.8 g) and dimethyl suHMde (55 ml), ethyl 2-(5-chloro-2- 
nitroanilino)benzo(b]thiophene-3-cartx)xylate (3.2 g) was otytained. 

^H-NMR(400MH2. CDCy 5: 12.27(br.s. IN). 8.31(d. J=8.3H2. 1H). 8.19(d. J=8.8Hz. IN). 8.08(5. 1H). 7.65(d. 
J=73Hz. IN). 7.41 (dd. J=7.3. 8.3H2. 1H). 7.28(dd, J=7.8, 7.3Hz. 1H). 7.0S(d, 83Hz. 1H). 4.54(q. J=:7.3H2, 2H), 
1.49(t. J=7.3Hz, 3H) 
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Starting Material Synttiesis Example 7 
[0160] 

5 



10 




[0161] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-aminobenzo[b]tN- 
ophene-3"Cartx)xylate. 2,4-dibromonitrobenzene and dimethyl sulfoxide, ethyl 2-(5-bromo-2'nitroanilino)benzo[b]tN- 
20 ophene-3-cart>oxylate is obtained. 

Starting Material Synthesis Example 8 

[0162] 

25 



30 




[0163] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-aminobenzo[b]thi- 
ophene-3-carboxylate. 2,5^ifiuoronitrobenzene and dimethyl sulfoxide, ethyl 2-(4-fluoro-2-nltroanilino)benzo[b]thi- 
ophene-3-carboxylate is obtained 

40 

Starting Material Synthesis Example 9 
[0164] 

45 



SO 




[0165] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-aminobenzo[b]thi- 
ophene-3-carboxylate (4.0 g). 4-fluoro-3-nitrotoluene (3.3 g) and dimethyl sulfoxide (55 ml), ethyl 2-(4-methyl-2- 
nitroaniBno)benzo[b]thiophene-3-carbQKylate (6.5 g) was obtained. 
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^H-NMR (400MH2, CDCI3) 5: 12.06(br.s. 1H). 8.27(d. J=8.3H2. 1H). 8.01(s. 1H). 7.95(d. J=8.8H2. 1H). 7.58(d. 
J=7.3H2, 1H). 7 .44(d. J=8.3Hz. 1H). 7.38(dd. Jn8.8. 8.3H2. 1H). 7.21 (d. J=7;3Hz. 1H). 4.53(q. J=7.3Hz, 2H). 
2.40(S. 3H). 1.49(t. Js7.3Hz. 3H) 

5 Starling Material Synthesis Example 1 0 
[0166] 



10 



IS 




P 



so [0167] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-anninobenzo[b]thi- 
ophene-3-carfooxylate. 2.4.5-trlfluoronitrobenzene and dimethyl sulfoxida. ethyl 2-(4.5-(finuoro-2- 
nitroanilino)ben20[b]thiophene*3-cartx)xyla[te is obtained. 

Starting Material Synthesis Example 11 

2S 

[0168] 



30 



35 




40 [0169] In the same maroier as in Starting Material Synthesis Example 4 and using ethyl 2-aminobens)[b]thl- 
ophene-3-cart)Oxylate. 2.4.6-trifluoronitrobenzene and dimethyl sutfoxide. ethyl 2-(3.5-difluoro-2- 
nttroaniiino)benzo[b]thtaphene-3-cartx>xylate is otitained. 

Starting Material Synthesis Example 12 

45 

[0170] 



so 




COOQiHs 



H3CO' 

55 



[0171] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-aminot)enzo[b]thi- 
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ophene-3-carboxylate. 2-fluoro-5-methoxynitrobenzen8 and dimethyl sulfoxide, ethyl 2-(4-melhQxy-2- 
nitroanilino)benzo[b]thiophene-3-carbQxylate is obtained. 

Starting Material Synthesis Example 13 
[0172] 



10 



IS 




20 



2S 



[0173] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-amino-6-methyl- 
benzo[b]thiophene-3-carboxylate (4.5 g), 2.4-difluoronitrobenzene (3.1 g) and dimethyl sulfoxide, ethyl 2-(5-fluoro-2- 
nitroanllino)-6-methylbenzo[b]thiGphene-3-cait>oxylate (5.1 g) was okstained. 

melting point: 147-149'C 



Starting Material Synthesis Example 14 
[0174] 



30 



35 




CH3 



40 



45 



SO 



[0175] In the same manner as in Starting Material Syntiiesis Example 4 and using methyl 2-amino-5-methyl- 
benzo|b]thiophene-3-carboxylate. 2-fluoronitrobenzene and dimethyl sulfoxide, methyl 2-(2-ni1roanilino}-5-mett^- 
benzo|b]thiophene-3-caitxixylate was obtained. 



55 



50 



Starting Material Synthesis Example 15 
[0176] 
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10 



H COOCH3 




15 



20 



25 



[0177] In the same manner as in Starting Material Synthesis Example 4 and using methyl 2-amino-5-methyl- 
benzotb)thiophene-3-cart>oxylate (3.1 1 g). 2.4<Jifluoronitrobenzene (1.54 ml) and dimethyl suKoxide (30 ml), methyl 2- 
(5-fluoro*2-nitroaniiino)-5-methylbenzo|b]thiophene*3-carfooxylate was obtained. 

^H-NMR (4O0MH2. COO^ 5: 12.44(br.s. 1H). 8.34(dd. J=9.3, 3.4Hz. IH), 8.14(s, 1H), 7.82(d. J=8.3Hz, 1H), 
7.55(d. J=7.8H2. IH), 7.14{d, J=8.3H2, IH), 6^-6.78(m. 1H). 4.09(s, 3H). 2.49{s. 3H) 

Starling Mlaterial Synthesis Example 16 

[0178] 



30 



35 



COOCjHg 




OCHa 



40 



[0179] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-amino-6-methoxy- 
benzo[b]thiophene-3-carboxylate. 2-fluoronitrobenzene and dimethyl sullbxlde. ethyl 2-6^ethoxy-(2- 
nitroanilino)benzo[b]thiophene*3-cart>oxylate is obtained. 



so 



ss 
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[0180] 
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[0181] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-amino-6-niethoxy- 
benzo[b]thiophene-3-cartx>xylate. 2.4-difluoronitrobenzene and dimethyl sulfoxide, ethyl 2-(5-fluoro-2-nitroaniljno)-6- 
20 methc»cybenzo[b]thiophene^-carboxylate is obtained. 

Starting Material Synthesis Example 18 

[0182] 

25 



30 




40 [0183] In the same manner as in Starting Material Synthesis Exan^ple 4 and using ethyl e4>romo-2-aml- 
nobenzo[b]thicphene-3-Gart)oxylate (8.8 g). 2.4-difluoronitrobenzene (5.6 g) and dimethyl sulfoxide (100 ml), ethyl 6- 
bromo-2-(5-fluoro-2-nltroaniiino}benzo[b]tNophene-3*(»rtx»cylat^ (10 g) was obtained. 

^H-NMR (400MHz. CDCI3) 6: 12.35{s, 1H). 8.31(dd. 1H). B.17{d. Js8.8Hz, 1H), 7.76-7.71(m, 2H), 7.50(d, J=8.8Hz. 
45 1 H). 6.82(dd. 1 H). 4.53(q. J=7.3Hz. 2H), 1 .48(t, J=7.3Hz. 3H) 



50 



55 
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Starting Material Synthesis Example 19 
[01041 
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[0185] Ethyl 2-(2-nitroaniiino}benzo(b]thiophene-3-carboxyiate (4.9 g) was dissolved In ethyl acetate (200 ml} and 
1 0% palladiunfi-carbon (0.5 g) was added. The mixture was stirred with hydrogen (60 kg/cm^) at 60"C for 5 ht The reac- 
tion mixture was cooled and the catalyst was filtered off. The filtrate was evaporated under reduced pressure to give 
20 ethyl 2-(2-aniirioanilino)benzo|b]thiophene-3-carbaxylate (3.5 g). 

^H-NMR (400MHz, CDCI3) 6: 9.61(S. 1H). 8.14(d. J=7.8Hz, 1H). 7.47{d, J=7.8H2. 1H). 7.33-7.35(m, 2H), 7.10- 
7.12(m, 2H), 6.80-6.86(m. 2H). 4.47(q. J»7.3Hz, 2H). 3.88(br.s, 2H), 1.50(t J=7.3Hz. 3H) 

25 Starting IMaterial Synttiesis Example 20 

[0186] 
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40 

[0187] Ethyl 2-(5-fluoro-2-nrtroanilino)t)en20[b]thiophene-3-cait)Oxylate (50.7 g) was dissolved in ethyl acetate 
(1000 ml) and 10% palladium-carbon (8.0 g) was added. The mixture was stirred with hydrogen (60 kg/cm^) at 55*C for 
5 hr. The reaction mixture was cooled and the catalyst was filtered off. The filtrate was evaporated under reduced pres- 
sure and the residue was purified by silica gel column chromatography (dilorofbrm) to give ethyl 2-(2-amino-5-fluoro- 
45 anilino)benzoIb]thiophene-3-cart)oxy!ate (24.5 g). melting point 141 -142*C. 

^H-NMR (400MH2, CDCI3) 6: 9.87(s. 1H). 8.14(d. J=8.8Hz. 1H), 7.50(d. J=7.3H2. 1H), 7.31-7.35{m. 1H). 7.19- 
7.1 1(m. 2H). 6.75-6.85(m. 2H). 3.69(br.s. 2H). 4.45(q. J=7.3H2. 2H). 1.48(t. J=7,3Hz. 3H). IR (KBr): 3417, 3353, 
3234. 2994. 1633. 1605. 1551. 1479. 1384. 1235. 1039 cm ^ MS: m/e 330 
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Starting Material Synthesis Example 21 
[0188] 
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lOISq Ethyl 2-{5<:hloro-2-nitroanaino)benzoIb]thjophene-3<artx)xyla (3.2 g) was suspended in ethanol (40 ml) 
and a solution obtained by dissolving tin(ll) chloride dihydrate (7.7 g) in ethanol (50 ml) and 18% hydrochloric acid (50 
ml) was added with stirring the mixture. The mixture was stirred at 60*C for 2 hr and cooled to 30*C. Potassium cartjon- 
20 ate was added until the reaction mixture was basif ied. After filtering through celite. the filtrate was extracted with ethyl 
acetate, washed with water and dried over magnesium suHate. After natural filtration, the solvent was evaporated under 
reduced pressure to give ethyl 2-(2-amino-5*chloroanilino)benzo[b]thiQphene-3-carbQxylate (2.6 g). 

^H-NMR (400MHz. CDCIa) 6: 9.71 (s. 1H). 8.14(d. J=8.3H2. 1H). 7.51(d. J«7.3H2, 1H). 7.38(s. 1H). 7.36(t. J=7.3Hz. 
25 1 H). 7. 1 5(dd, J=7.8. 7.3Hz. 1 H). 7.09(d, J=7.8Hz. 1 H). 6,77(d, J=8.3H2. 1 H), 4.47(q. J«7.3Hz, 2H). 3.88(br.s, 2H), 
1.50(t. J=7.3H2. 3H) 

Starting IMaterlal Synthesis Example 22 

30 [0190] In the same manner as in Starting Material Synthesis Example 19 and using ethyl 2-(5-chloro-2- 
nitroanilino)benzo[b]thiophene-3-carbQxytate. ethyl acetate. 10% palladium-carbon and hydrogen (60 atm kg/cm^). 
ethyl 2-(2-amino-5-chloroanllino)benzo[b]thiophene-3-cartxixylate is obtained. 

Starling Material Synthesis Example 23 

35 

[0191] 



40 



45 




SO [0192] In the same manner as in Starting Material Synthesis Example 19 and using ethyl 2-(5-bromo-2- 
nitroanilino)benzo(b]thiophene-3-carboxylate. ethyl acetate. 10% palladium-carbon and hydrogen (60 atm kg/cm^), 
ethyl 2-(2-amino-5-bromoanilino)benzo|b]thiophene-3-carboxylate is obtained. 

ss 
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Starting Material Synthesis Example 24 
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[0194] In the same manner as in Starting Material Synthesis Exanrrple 19 and using ethyl 2-(4-fIuoro-2* 
nitroanilino)benzo[b]thiophene-3-cartx>xylate, ethyl acetate. 10% palladiumcart>on and hydrogen (60 atm kg/cm^). 
ethyl 2-(2-amlno-4-fluoroanilino)benzo(b]thiophene-3-cart)Oxylate is obtained. 

20 Starting Material Synthesis Example 25 
[019S] 



25 



30 




35 [0196] In the same manner as in Starting Material Synthesis Example 19 and using ethyl 2-(4-methyl-2- 
nitroanilino)benzo[blthiophene-3-cartX5xylate (6.5 g). ethyl acetate (140 ml), 10% palladium-cartwn and hydrogen (500 
mg, 60 atm kg/cn^. etl^l 2-(2-amino-4-methylanilino)benzo|b]thiophene*3-cart)oxylate (3.7 g) was otitained. 

^H-NMR (400MH2. CDCI3) 6: 9.46(br.s. 1H). 8.12(d. J=8.3Hz. 1H), 7.45(d. J=7.3Hz, 1H). 7.33(dd. J=7.3. 7,8Hz, 
40 IH). 7.18{d. J=8.3H2. IH). 7.10(dd. J=7.8. 8.3H2. 1H). 6.67(s» 1H), 6.63(d, J=7.8H3. 1H), 4.46(q, J=7.3Hz, 2H), 
3.83(br.s. 2H), 1.56(s. 3H). 1.26(t J=7.3Hz, 3H) 

Starting l\Aaterial Synthesis Example 26 

45 [0197] 
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[0198] In the same manner as in Starting Material Synthesis Example 19 and using ethyl 2-(4,5-drfluoro-2- 
nltroanllino)ben2<<bIthiophene-3-carboxylate. ethyl acetate. 10% palladium-cartwn and hydrogen (60 atm kg/cm^). 
ethyl 2-(2-amino-4,5-difluofoannino)benzo[b]thiophene-3-cartxxxylate is obtained. 

5 Starting Material Synthesis Example 27 

[0199] 
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[0200] In the same manner as in Starting Material Synthesis Exanrple 19 and using ethyl 2-(3.5-diflLioro-2- 
nitroanilino)benzo(b]tiiiophene-3-caibo)cylate. ethyl acetate. 10% palladium-cart>on and hydrogen (60 atm Hgfcn^l 
ethyl 2-(2-anrijno-3.5<lifliJoroanaino)benzo[b]thiophene-3-carboxylate is obtained. 

25 Starting Material Synthesis Example 28 

[0201] 
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40 [0202] m the same manner as in Starting Material Synthesis Example 19 and using ethyl 2-(4-methoxy-2- 
nitroanillno)benzo[b}thiophene-3-carbQxylate, ethyl acetate. 10% paaacBum-carbon and hydrogen (60 aim l<g/cm?). 
ethyl 2-(2-amlno^-methaxyanilino)ben20[b]thiophene-3-carbQxylate Is obtained. 

Starting Material Synthesis Example 29 

45 

[0203] 
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[0204] In the same manner as in Starting Material Synthesis Example 1 9 and leing ethyl 2-(5-f luoro*2-nitroanilino)- 
6-methylbenzo(b]thiophene-3-cart)oxytate (1.9 g). ethyl acetate (200 ml), 10% pallacfiumK»itX)n (0.4 g) and hydrogen 
(60 atm kg/tm?). ethyl 2-(2-amino-5-fluoroanOino)-6-nriethylbenzo[b]thiophene-3-cart)^ (1.54 g) was obtained. 

5 

melting point: 174-175*0 
Starling Material Synthesis Example 30 
10 [0205] 




[0206] In the same manner as in Starting Material Synthesis Example 19 and using methyl 2-(2-nitroanilino)-5- 
methytben20[b]thiophene-3-cartx>xylate» ethyl acetate. 10%pallacfium-cart>on and hydrogen (60 atm kg/cm^). methyl 2- 
25 (2-aminoanilino)-5-methylbenzo|b]thiophene-3-caftx)xytate is obtained. 

Starling Material Synthesis Example 31 

[0207] 

30 




[0208] In the same manner as In Starting Material Synthesis Example 19 and using methyl 2-(5-fluoro-2* 
nitroanirmo)-5-metfiylbenzo|b]thtophene-3-caftx}xylate (4.42 g), elhyl acetate (400 ml). 10% palladium-carbon and 
45 hydrogen (400 mg. 60 atm kg/cm^). methyl 2-(2-amino-5-fluoroanilino)-5-methylbenzo[b]thiGphene-3-carboxylate (1 .82 
g) was obtained. 

^H-NMR (400MH2. CDCI3) 6: 9.84(s, 1H). 7.94(s. 1H). 7.40(d, J=7.8Hz. 1H). 7.l9(d. J«9.3Hz. 1H), 6.98(d. 
J=8.3Hz. 1H). 6.86-6.77(m. 2H), 4.01(s. 3H), 3.69(br.s. 2H), 2.45(s, 3H) 

SO 



SS 
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[0210] In the same manner as in Starting Material Synthesis Example 19 and using ethyl 2>6-methoxy-(2- 
nitroaniiino)benzo[b]thiophene-3-carb(»(ylate, ethyl acetate. 10% palladium-carlMn and hydrogen (60 atm kg/cm^), 
so ethyl 2-(2-aminoanilino)-6-methoxybenzo[b]thiophene-3-carboxyla^^ is obtained. 



Starting Material Synthesis Example 33 



[02111 

25 




[021 2] In the same manner as in Starting Material Synthesis Example 19 and using ethyl 2-(5*1luoro-2-n}troanilino)- 
40 S-methoxybenzo[b]thiophene-3-cart)oxylate. ethyl acetate. 10% palladium-caft)on and hydrogen (60 atm kg/cm^). ethyl 
2-(2^mino-5-fluoioaniltno)'6-methoxyt>en2»[b]thlophene-3-c^ is obtained. 

Starting Material Syntiiesis Example 34 

45 [0213] 
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[0214] In the same manner as in Starting Material Synthesis Example 21 and using ethyl 6-bromo-2-(5-lluoro-2- 
nitroanilino)benzoIb]thlophene-3-carboxyiate (10 g). ethanol (80 ml). 18% hydrochloric acid (80 ml) and tin(ll) chlo- 
ride 'dihydrate (20.6 g). ethyl 6-bromo-2-(2-anrijnO'5-fluoroanifino)benzo|b]thiQphene-3*cai1^ (3.8 g) was 
5 obtained. 

^H-NMR(400MHz. CD(^) 6: 9.81(s. 1H), 7.98(d. J«8.8H2. 1H). 7.60(s. 1H). 7.41(d. J=8.8Hz. 1H). 7.13(d. J=9.3Hz.- 
1H). 6.84-6.76{m. 2H). 4.44(q, J=7.3Hz. 2H), 3.75(br.s. 2H), 1.47(1, J=7.3Hz. 3H) 

10 Starting Material Synthesis Example 35 

[021 5] In addition, in the same manner as in Starting Material Synthesis Example 1 9 and using ethyl 6-bromo-2-(5- 
fluoro-2-nitroanilino)ben20[b]thiophene-3-cartx)xylate. ethyl acetate, 10% palladium-cartx)n and hydrogen (60 atm 
kg/cm^). ethyl 6-bromo-2-(2-amino-5-tluoroanilano)benzo[b]thiophene-3-cail30xylate is csbtained. 

IS 

Starting Material Synthesis Exampie 36 
[0216] 



25 




30 [0217] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-aminob^oIbJthi- 
ophene-3-cart)oxylate (6.0 g), 2,5'dichloronitroben2ene (5.8 g) and dimethyl sulfoxide (70 mQ. crude crystals (9.5 g) of 
ethyl 2-(4-chloro-2-nitroanilino)ben2o[b]thiophene-3-cafboxylate were obtained. Without purification, in the same man- 
ner as in Starthg Material Synthesis Example 21 and using ethanol (100 ml), 18% hydrochloric add (100 ml) and tin(li) 
chloride • dihydrate (22.5 g). ethyl 2-(2-amino-4-chloroaniiino)benzo^]thiophene-3-carbQxylate (3.0 g) was obtained. 

35 

^H-NMR (400MHz. CDO^) 5: 9.51(s. 1H). 8.1 1(d. J=8.3Hz. 1H), 7.46(d. J=7.8Hz. 1H). 7.29(dd. J=7.3. 8.3H2. 1H), 
7.23(d, J=8.3Hz, 1H), 7.11(dd, J=7.3. 3.8Hz, 1H), 6.81(s. 1H). 6.75(d, J«8.3H2. 1H). 4.45(q, J«7.3H2. 2H). 
3.95(br.s. 2H). 1.48(t. J=7.3Hz. 3H) 

40 Starting IMaterial Synthesis Example 37 

[0218] In the same manner as in Starting Material Synthesis Example 19 and using ethyl 2-(4-chloro-2- 
nitroani)ino)benzo[b]thiophene-3-cartK)xylate, ethyl acetate. 10% palladium-cartton and hydrogen (60 atm lig/cm^). 
ethyl 2-(2-aniino-4-chloroanilino)benzQ[b]thiophene-3-cart)oxylate is obtained. 
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Starting Material Synthesis Example 38 
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[0220] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-aminobenzo[b]thi- 
ophene-3-cartxxxytate (6.0 g). 2,5-dibromonitrobenzene (8.5 g) and dimethyl sulfoxide (70 ml), crude aystals p.3 g) of 
ethyl 2-(4-bromo-2-nitroanilino)benzo(b]thiophene-3-cait>oxylate w^e obtained. Without purification, in the same man- 
ner as in Starting Material Synthesis Example 21 and using ethanol (70 ml), 18% hydrochloric add (70 ml) and tin(ll) 
so chloride * dihydrate (1 5.7 g), ethyl 2-(2-anriino-443ix>nx>anilino)benzo[b]thiophene-3-cart>axylate (3.3 g) was obtained. 

^H-NMR (400MHz. CDCI3) 5: 9.52(s. 1H), 8.1 1(d. 1H), 746(d, J=8.3Hz. 1H). 7.31(dd. 1H), 7.18(d, J=8.3H2, 1H), 
7.1 1 (dd. 1 H), 6.99(S, 1 H). 6.90{d. IH). 4.44(q, J=7.3H2, 2H). 3.94(br.s. 2H). 1 .48(t J=7.3H2. 3H) 

2S Starting Material Synthesis Example 39 

[0221] In the same manner as in Starting Material Synthesis Example 19 and using ethyl 2-(4>bromo-2- 
nitrDanilino)benzo[b]thiophene-3-carboxylate, ethyl acetate, 10% palladium-carbon and hydrogen (60 atm kg/cm^). 
ethyl 2-(2-amina4-bromoanifino)benzoP3]thiophene-3-cartx3xylate is obtained. 

so 

Starting Material Synthesis Example 40 
[0222] 

35 
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CH3 



[0223] In the same manner as in Starting Materiel* Synthesis Example 4 and using ethyl 2-aminobenzo[b]thi- 
ophene-3-carboxylate (3 g), 3-fluoro-4-nitrotoluene (2.1 g) and dimethyl sulfoxide (25 ml), ethyl 2-(5*methyl-2- 
nitroanilino)benzo|l>]thiophene-3-cartx»ylate (5.4 g) was obtained. Without purification, in the same manner as in Start- 
so ing Material Synthesis Example 19 and using 10% palladium-cartaon (1.5 g), ethyl 2-(2namino-5-methyl- 
anilino)benzo[b]thiophene-3-carboxylate (1 6 g) was obtained. 

^H-NMR(400MHz. CDCI3) 5: 9.61(s, IH), 8.14(d. J=7.8H2. IH). 7.47(d. J=7.8H2. IH). 7.32(dd. J=7.8. 7.8Hz. IH). 
7.13(S, IN). 7.10(dd, J=7.8. 7.8Hz, IH), 6.95(d. J=7.8Hz. IH). 6.76(d. J=7.8Hz. IH), 4.46(q, J=7.3Hz. 2H). 
55 3.73(br.s, 2H). 2.28(s. 3H). 1 .50(t J=7.3Hz, 3H) 
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[0225] In tiie same manner as in Starting Material Synthesis Example 4 and using ethyl 2-aminch6-methyt- 
benzo[b]thlophene-3-caft)Oxylate (4.18 g). 2-fluoronitrobenzene (2.5 g) and dimethyl sulfoxide (50 ml), crude crystals 
(7,5 g) of ethyl 6 methyl-2-(2-fiitroanilino)benzoIb]tWophene-3-cartx)xylate were obtained. Without purification, in the 
20 same manner as in Starting Material Synthesis Example 21 and using ethanol (50 ml), 18% hydrochloric acid (70 ml) 
and ttn(ll) chloride •dihydrate (16 g). ethyl 2-(2-aminoanilino)-6-methylbenzo[b]thiophene-3-carboxylate (3.7 g) was 
obtained. 

^H-NMR(400MH2. CDQa) 6: 9.53(br.s. 1H). 7.99(d J=8.3Hz. 1H). 7.32(d. J=7.8H2. 1H). 7.25(s. 1H). 7.13(m, 2H), 
25 6.83-6.80(m, 2H). 4.44(q. J=7.3Hz. 2H). 3.86(br.6. 2H). 2.37(s. 3H). 1 .47{t. J=7.3Hz. 3H) 

Starting iVIaterial Synthesis Example 42 

[0226] in the same manner as in Starting Material Synthesis Example 19 and using ethyl 6-methyl-2-(2- 
30 nitroanilino)ben2o(b]thiophene-3-catboxylate. ethyl acetate. 10% palladium-cartjon and hydrogen (60 atm kg/cm^). 
ethyl 2-(2-aminoanilino)-6-methylbenzo[b]thiophene-3-carboxylate is obtained. 

Starting Material Synthesis Example 43 



[0228] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-aminobenzo[b]thi- 
ophene-3-cart)oxylate (6.0 g), 2,4.5-trichloronitrobenzenG (6.8 g) and dimettryl sulfoxide (70 ml), crude crystals (10.3 g) 
so of ethyl 2-(4.5-dichloro-2-nitroanilino)ben2o[bJthiophene-3-cart)oxylatG were obtained. Without purification, in the same 
manner as in Starting Material Synthesis Example 21 and using ethanol (100 ml), 18%hydrochloric acid (100 ml) and 
tin(ll) chloride •dihydrate (22.8 g). ethyl 2-(2-amino-4.5<iichloroanilino)benzo[b]thiophene-3-cart)oxylate (5.3 g) was 
obtained. 

55 ^H.NMR(400MHz. CDCI3) 6: 9.33(S. 1 H). 8.15(d. J=7.3H2. 1 H). 7.44(d. J=7.8H2. 1 H). 7.32(dd. J=7.8. 7.3H2. 1 H). 
7.25(d. J=8.8H2. 1H). 7.12(dd. J=7.8. 7.3Hz. 1H). 6.69(d. J=8.8Hz, 1H). 4.47(q. J=7.3Hz. 2H), 4.10(br,s. 2H). 
1.49(t. J=;7.3Hz. 3H) 
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Starting Material Synthesis Example 44 

[0229] In the same manner as in Starting Material Synthesis Example 19 and using ethyl 2-(4,5-dichloro-2- 
nrtroanillno)benzo[b]thiophene-3-cart>oxyiate. ethyl acetate. 10% palladlunrvcait>on and hydrogen (60 atm kg/^), 
5 ethyl 2-(2-amino-4.5Kfichloroanilino)benzo[b]thiophene-3-cart^ is obtained 

Starting Material Synttiesis Example 45 

[02301 
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[0231] In the same manner as in Starting Material Synthesis Example 4 and using ethyl 2-aminobenzo[b]thi- 
ophene-3-carboxylate (6.6 g), 2.3,4-trichloronitroben2ene (7.0 g) and dimethyl sulfoxide (70 ml), crude crystals (12 g) 
25 of ethyl 2-(2.3-dichloro-6-nrtroani!ino)ben2oIbJthiophene-3-carboxylate were obtained. Without purification, in the same 
manner as in Starting Material Synthesis Example 21 and using ethanol (40 ml). 18% hydrochloric add (60 ml) and 
tin(ll) chloride •dihydrate (24.6 g). ethyl 2-(6-amino-2.3-dicNoroanilino)benzo[b]thiophene-3-carfoQxyiate (4.2 g) was 
otitained. 

30 Starting Material Synthesis Example 46 

[0232] In the same manner as in Starting Material Synthesis Exarrple 19 and using ethyl 2-(2.3-dichloro-6- 
nitroanilino)benzo[bJthiophene-3-carboxylate, ethyl acetate. 10% palladium<»rbon and hydrogen (60 atm l^g/cm^). 
ethyl 2-(6-anfuno-2,3<lichloroanllino)benzo[b]thiophene*3-carboxylate is obtained. 

35 

Starting Material Synthesis Example 47 
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[0234] In the same nf^anner as in Starting Material Synthesis Example 4 and using ethyl 2-aminobenzo[blthi- 
ophene-3-cartx)xylate (5.0 g). 4-fluoro-3-nrtroben20trifluoride (5.1 g) and dimethyl suHoxide (65 ml), ethyl 2-(2-nitro-4- 
trifluoromethylanlllno)benzo[blthiophene-3-cart>0)cylate (12 g) was obtained. Without purification, in the same manner 
as in Starting Material Synthesis Example 21 and using ethanol (50 ml). 18% hydrochloric acid (50 ml) and tin(ll) chlo- 
55 ride*dlhydrate (10.9 g). ethyl 2-(2-amlno^-trifluoromethylanBino)benzoIb]thiophene-3-carboxyl^ (2.8 g) was 
otatained. 

^H.NMR(400MHz. CDCI3) 6: 9.93(br.s, 1H), 8.16(d. J=8.3Hz, 1H), 7.52(m. 2H), 7,36(dd. J=7.3. 8.3Hz, 1H), 
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7.17(dd, J=7.3. 6.9H2. 1H), 7.08(m, 2H). 4.48(q. J=7.3H2. 2H), 4.08(br.s. 2H). 1.51 ft J«7.3Hz. 3H) 
Starting Material Synthesis Example 48 

[0235] In the same manner as in Starting Material Synthesis Example 19 and using ethyl 2-(2-amino-4*trifluor- 
omethytanilino)ben2o[b]thtophene-3<»ftx)xyiate, ethyl acetate, 10% palladium-cart)on and hydrogen (60 aim leg/cm^, 
ethyl 2-(2-amino-4-trif tuoromethylanilino)benzo[b]thiophene'3^rtx>xyiate Is obtained. 

Starting Material Synthesis Example 49 

[0236] 



IS 



so 



CH3 

NH2 I COOC2H5 




[0237] Ethyl 2-{2-nitroanilino)benzo[bJlhiophene-3<»rbaxylate (6 0 g) was dissolved in N,N-dimethytformamide 
2S (120 ml) and the mixture was stirred at 0*C, during which potassium tert-butoxide (3.0 g) was added portionwise. Methyl 
iodide (12.4 g) was added dropwise under ice-cooling and the mixture was stirred at 0*C for 5 min and heated to room 
temperature. The reaction mixture was extracted with ethyl acetate, washed with saturated brine and dried over anhy- 
drous magnesium sulfate. After natural filtration, the solvent was evaporated under reduced pressure, and the residue 
was separated by silica gel column chromatography (hexanerefliyl acetate=4:l) to give cmde crystals (2,8 g) of ethyl 2- 
30 (N-methyl-2-nitroanilino)benzo(b]thiophene-3-cait)oxylate. Without purification, the crystals were treated in the same 
manner as in Starting Material Synthesis Example 21 using ethanol (50 ml). 18% hydrochloric acid (50 ml) and tin(ll) 
chloride ^dihydrate (12.6 g) to give ethyl 2-(2-amino-N-methylaniljno)ben2o|b]thiophene-3<artx»ylat (3.2 g). 

iH-NMR(400MH2. CDCI3) B: a07(d. 1H). 7.49(d. 1H), 7.30-7.24(m, 2H). 7.13-7.08(m, 2H). 6.79^.74(m. 2H). 
35 4.26(0, J»7.3Hz. 2H), 4.1 0{br.s. 2H). 3.36(s. 3H). 1 .23(1 J=7.3H2, 3H) 

Example 1 

[0238] 

40 



4S 



SO 




[0239] Ethyl 2-(2-aminoaniIino)benzo[b]thiophene-3-carboxylate (3.5 g) and l-methylpipo-azine (20 mO were dis- 
solved in anisole (50 ml), titanium tetrachloride (3.1 ml) was ^ded dropvirise while stin-ing the mixture at room temper- 
atura After the completion of dropwise addition, the mixture was stiffed at 144»C for 20 hours. The reaction mixture was 
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cooled to 80''C and poured into ice water The resultant precipitate was filtrated. The filtrate was extracted with ethyl 
acetate (900 mt), washed with saturated brine, and dried over MgS04. The solvent was evaporated under reduced 
pressure. The residue was purified by silica gel column chromatography (ethyl acetate/methanol) and the obtained oily 
substance was dissolved in ethyl acetate (50 mi), to which was added a solution (10 ml) of maleic acid (580 mg) in ethyl 
s acetate. The precipitated crystals were collected by f ittiation and recrystaUized from ethyl acetate/n)elhanol to give 1 2- 
(4-rnethylpiperazm- Vyl)-6H-[1]benzolhieno[2,3-b][1 ,5]benzodiazepine • 2 maleate (1 .14 q). 

melting point 248-249''C (decomposition) 

10 Example 2 

[0240] 



IS 



20 




[0241] Ethyl 2-(2-amino-5^luoroanilino]benzo[b]thiophene-3-cart>Qxylate (24.5 g) and 1 -methyti^perazine (1 35 ml) 
were dissolved in anisote (400 ml), and titanium tetrachloride (21 ml) was added dropwise while stirring the mixture at 

30 room temperature. After the completion of the dropwise addition, the mixture was stirred at 140''C for 17 hours. The 
reaction mixture was cooled to 80*C and poured into ice water. The resultant precipitate was filtrated and the filtrate was 
extracted with ethyl acetate, washed with saturated brine, and dried over magnesium sulfate. The solvent was evapo- 
rated under reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate/hiethanol) 
and the obtained oily substance (17 g) was dissolved in ethyl acetate (400 ml). Thereto was added a solution of maleic 

35 acid (5.9 g) in ethyl acetate (100 ml) and ethanol (20 ml). The precipitated crystals were collected by filtration and 
reaystallized from ethanol to give 8-ftuoro-12-<4-methylpNperazin-1-yO-6H-[ip>enzothieno[2 
b][1.5Ibenzodiazepine • 1 maleate (10.2 g). 

melting point 225-227'C (decomposition). 
40 ^H-NMR (400MHz, DMSO-de) 6: 8.35(s. 1H), 7.82(d. J=7.8Hz. 1H). 7.74(br, IH). 7.37(dd. J=8.3, 6,8Hz. 1H). 
7.25(dd. J=8.3. 6.8Hz. IH), 6.89(dd, IH). 6.78(dd. IH). 6.63(dd. IH). 6.03{S. 2H) 2.5-4.5(br.S. 8H). 2.82(8, 3H). 
IR (KBr):3435. 3283. 3060, 2837. 2614. 1616. 1580. 1463, 1387. 1353. 1152, 966, 865 cm ^ 
MS:m/e 366. 

Anal. Calcd. for C20H19FN4S • C4H404:C. 59.74; H, 4.80. N. 11,61%. 
45 Found:C, 59.71 ; H, 4.82; N. 1 1 .48%. 

Example 3 

[0242] Afternatively. using 2 equivalents of nnaleic acid. 8-fluoro-12-(4-methy|piperazin-1-yl)-6H-[1]benzoth- 
50 ieno[2.3-b][1 .^enzocfiazepine dimaleate monohydrate was obtained. 

melting point 123-125*'C (decomposition) 

Example 4 

55 

[0243] Alternatively, using fumaric acid instead of maleic add. 8-f luoro-1 2-(4*methytpiperazin-1 -yl)-6H-[1]benzoth- 
ieno[2,3-b][1 .benzodiazepine • 1/2 fumarate (494 mg) was obtained. 
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melting point ig3-195<'C (decomposition) 
Example 5 

5 [0244] Alternatively, using 2 equivalents of hydrochloric add instead of maleic acid. 8-fluoro-12-(4-methyipipera2in- 
1-yt}-6H-[1]benzothieno[2.343][1.5]benzodiazeptne*2 hydrochloride • 3 hydrate was obtained. 

melting point 266-270<'C (decorrposition) 

10 Examples 

[0245] 



15 



20 




[0246] In the same manner as in Example 1 and using ethyl 2-(2-amino-5-methylanifino)benzo[b]thiophene-3-car- 
boxylate (1.6 g). 1-methylplperazine (8 ml), anisole (25 ml), titanium tetrachloride (1.3 ml) and maleic acid (100 mg), 8- 
30 methyl-12-(4-methylpiperazin-1-yO-6H^11t«n2othienoI2.3-b]I1.5Ibenzodi^ 3/2 maleate (166 mg) was 

obtained. 

melting point 198-20rC (decomposition) 
35 Example 7 
[0247] 



40 



45 




[0248] In the same manner as in Example 1 and using ethyl 2-(2-amino-5-chloroaniIino)benzo[b]thiophene-3-car- 
boxylate (2.6 g). 1-methylpiperazine (15 ml), anisole (50 ml) and titanium tetrachloride (2.3 ml). 8-chloro-12-(4-methyl- 
pipeFazin-Vyl)-6H-[1Ibenzothieno[2.3-b][1 .SJbensodiazepine (363 mg) was obtained. 

melting point 87-90*^0 (decomposition) 
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Examples 



[0249] 



5 



O 



10 



Br 




H 



S 



IS 



[0250] In the same manner as in Example 1 and using ethy) 2-(2-amino-5-bromoanilino}benzo[b]thjophene-3-car- 
boxytate. 1 -methytpiperazine. anisole and titanium tetrachloride. 8-bromo-12-(4-methylpipera2in-1-yl)-6H-l1]benzoth- 
20 ienoI2,3-b][1 .5|benzodiazepine is obtained. 

Example 9 

[0251] 



40 [0252] In the same manner as m Example 1 and using ethyl 2-(2-amino-4^luoroanilino)benzo[b]thiophene-3-€ar- 
boxylate. 1 -methyiplperazlne, anisole and titanium tetrachloride. 9-fluoro-12-(4-m6thylpipeFazin-1-)^)-6H-[1]b6n2oth- 
ieno[2«3-b][1.5|benzodiazepine is obtained. 



35 



30 




SO 



55 
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[0254] In the same manner as in Example 1 and using ethyl 2-(2-amino-4-me1hy1aniiino)benzo[b]thiophene*3-car- 
20 boxylate (3.7 g). 1 -methylpiperazine (19 nril). anisole (60 ml) and trtanium tetrachloride (3.0 ml), 9-methyl-12-(4-methyl- 
P9>erazin-1-yl)-6H-[1]benzothieno[2.3'b]{1.5]benzodiazepine (1.18 g) was obtained. 

melting point 1 84-1 86'C: 

Anal. Calcd. for C2iH22N4S:C. 69.58: H. 6.12; N. 15.46%. 
25 Found:C. 69.45; H. 6.20; N, 15.11%. 

Example il 

vxtssi 

30 



35 



40 




[0256] in the same manner as in Example 1 and using ethyl 2-(2*amjno-4-chloroanilino)benzo[b]thiaphene-3-car- 
boxylate (3.0 g). 1*methylpiperazine (17 ml), antsole (75 ml), titanium tetrachloride (2.9 ml) and maleic acid. 9-chloro- 
12-(4-methylpipefazin-l-yl)-6H-[1]benzothieno[2.34)][1,^nzodiazepine*2 maleate* 1/2 hydrate (1.37 g) was 
obtained. 

melting point 105-1 07°C (decomposition): 

Anal. Calcd. for C2oHt9N4S * 2C4H4O4 • I/2H2O: C. 53.89; H. 4.52; N. 8.98%. 
Found: C. 53.94; H. 4.45; N. 9.00%. 
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Example 12 



[0257] 




[0258] In the same manner as in Exarrple 1 and using ethyl 2'(2-amino-4-bromoanilino)benzo[b]thiophene-3<»r- 
20 boxylate (3.3 g). l-methylpiperazine (17 ml), anisole (75 ml), titanium tetrachloride (3.0 ml) and maleic add. 9-bromo- 
1 2-(4-methylpiperazin-1 -yl)-6H*[l]benzothieno[2.3-b][l ,5|benzodiazepine • 2 maleate was obtained. 

melting point 113-1 M^'C (decomposition) 

Anal- Calcd. for (52oHi9BrN4S • 2C4H4O4 : C. 50. 99; H. 4.13: N, 8.50%. 
2S Fbund: C, 50.73; H. 4.15; N, 8.60%. 

Example 13 

[0259] 

30 



35 



40 




45 [026Q] In the same manner as in Example 1 and using ethyl 2-(2namtno-4-methaxy-anillno)benzo[b]thiophene-3- 
caiboxylate, 1-methylplperazine. anisole and titanium tetrachloride, 9-methDxy-12K4-methytpiperazin-1-yl)-6^ 
zothieno[2.3-b][1.5]benzodiazepine is obtained. 

so 
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5 



10 




IS 



[0262] In Ihe same manner as in Example 1 and using ethyl 2-(2-amino-4,5-difluoroanilino)ben2o[b]thiophene-3- 
cartx)xylate. Vmethytpiperazine. anisole and titanium tetrachloride. S. 9Klifluoro-12-(4-methylpiperazin-1-yl}-6H- 
so [l]berttothieno[2.3-b][l .^benzodiazepine is obtained. 

Example 15 

[0263] 

25 



30 



3S 




40 [0264] In the same manner as in Example 1 and using ethyl 2-(2-amino-3.5-diftuoroanlHno)benzo[b]thlophene-3- 
carboxytate. l-methylpiperazlne. anisote and titanium tetrachloride, 8.l0-drriuoro-l2-(4-mettiylpiperazin-l-yl)-6H- 
[l]benzothleno[2,3-b][l .SjbenzocSazepine is obtained. 



so 
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[0266] In the same manner as in Exanple 1 and using ethyl 2-(2-amlnoaniIino)-6-methylb€nzo[b]thiophene-3-car- 
boxylate (3.7 g), 1-methylpiperazine (80 ml), anisole (16 ml) and tftanium tetrachloride (3 ml). 3-methyrl-12-(4>methyl- 
so piperazin-1 -yt)-6H-{1]benzothleno[2.3-b][l .5]benzodiazepine (1 .4 g) was obtained. 

^H-NMR (400MH2. CDCI3) 6: 7.65(d. J=8.3H2, 1H). 7.38(s. IH). 7.12{d. J=a3Hz. 1H), 7.03(t J=7.8Hz. 1H). 
6.97(dd. J«7.3. 7.8Hz. IH). 6.86(dd. J«7.3. 5.9H2, IH), 6.64{d. J=7.8Hz, 1H). aiO(brs. IN), 4.20-1.75(m, 8H). 
2.38(8. 3H). 2.33(S.3H). 

Example 17 

[0267] 



90 



95 




[0268] In the same manner as in Example 1 and using eth/l 2-(2-amino-5-fluoroanilino)-6-methylbenzo(b]tN- 
ophene-S-caiboxylate. 1-methylpiperazine. aresole, titanium tetrachloride and hydrochloric acid. 8-fluoFO-3-metl^-12- 
45 (4-methytpiperazin-l -yl)-6H-[l]benzothieno[2,3-b][1 ,5]benzodiazepine • 2 hydrochloride • 3/2 hydrate was obtained. 

melting point 273-275''C (decomposition) 



so 
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Example 18 
[0269] 



10 



15 




20 [Q270] In the same manner as in Example 1 and using methyl 2-(2-an(tinoanilino)-5-methyIben20[b]thiophene-3- 
carboxylate, l-methylptperazine. anisole and titanium tetrachloride, 2-methyl-12*(4-methylpiperazin-1-yl)-6H-[l]benzo- 
thieno[2.3-b][1.5]benzodiazepin6 is obtained. 

Example 19 

25 

10271] 



30 



35 




40 

[0272] In the same manner as in Example 1 and using methyl 2-(2-amlno-5-fluoroanilino)-5-melhylben2o[bJthi- 
ophene-3-cart)Oxylate (1 .82 g). 1 -methylpiperazine (9.7 ml), anisole (30 ml), titanium tetrachloride (1 .51 ml) and maleic 
acid. 6-fluo^o-2-melhyl-12-(4-met»vlpiperaz^n-1-yI)-6H^1]ben^othieno[2.3^>]I1.Slbe • 1 maleic 

45 acid • iy2H20 (928 mg) was obtained. 

melting point: 199-20rC (decomposition). 

Anal. Calod. for C21H21 FN4S • C4H4O4 • I/2H2O: C, 59.39; H, 5.18; N, 1 1 .08%. 
Found: C. 59.49; H. 4.98; N. 1 1 .04%. 

so 
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Example 20 



[0273] 




20 [0274] In the same manner as in Example 1 and using ethyl 2-(2-aminoanilino)-6-methoxyl3enzo[b]thiophene-3- 
caitxixylate, 1 -methylpiperazine* anisole and titanium tetracNoride, 3-methQxy-12-(4-methy|piperazin-1-yi)-6H-[1]b6n- 
zothieno[2,3-b][1 .Slbenzodiazepine Is obtained. 

Example 21 

25 

[0275] 



30 



35 




40 

[0276] In the same manner as in Example 1 and using ethyl 2-(2-amino-S-f luoroanlllno)-6-methQxyt)enzo|b]thi- 
ophene-3-carfooxylate. Vmettiylpiperazine. anisole and titanium tetrachloride. 8-fluoro-3-methQxy-12-(4-methy43iper- 
azin-1 -yl)-6H-[1]benzothieno[2.3-b][1 ,5]benzodiazepine is obtained. 

AS 



SO 



$5 
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[0278] In the same manner as in Exampie 1 and using ethyl 2-(2-amino-4.5-dicWoroanilino)benzolb]thiophene-3- 
cartx>xylate (5.3 g). 1-methytpiperazine (27 ml), aresde (120 ml), titanium tetrachloride (4.8 ml) and funrtaric acid. 8. 9- 
so dichloro-12-(4-methytpiperazin-1-yl)-6H-[1]benzothieno[2.3-b][1.S^ fumarate(571 mg) was obtained. 

melting point 243-245^0 (decomposition): 

Anal. Calcd. for C20H1BCI2N4 S*C4H404 : C. 54.04; H. 4.16; N. 10.50%. 
Found:C. 54.00: H. 4.10; N. 10.41%. 

2S 

Example 23 
[0279] 



35 



40 




[0280] In the same manner as in Example 1 and using ethyl 2-(6-amino-2,3-dichloroanilino)ben2oIb]thiophene-3- 
45 caitx>xylate (4.2 g). 1 -methylpiperazine (22 ml), anisole (100 ml), titanium tetrachloride (3.9 ml) and fumaric acid, 7. 8- 
dicNoro-12-(4-methylpiperazinO-yl)-6H4ip3enzothieno(2>b][1.5]benzodiaz^ fumarate (660 mg) was obtained. 

melting point 235-236''C (decomposition): 

Anal Calcd. for C20H18CI2N4S •C4H4O4: C. 54.04; H. 4.16; N, 10.50%. 
so Found: C. 53.69; H. 4. 1 9; N. 1 0.33%. 
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Example 24 
[0281] 



5 



10 




[0282] In the same manner as in Example 1 and using ethyl 2-{2-afnino-4-trifluoromethylanlIlno)ben20[b]thiophene- 
3-cartx)xylate (2.8 g). l-methylpiperazine (15 ml), anisole (60 ml), titanium tetrachloride (2.5 ml) and maletc acid. 12-(4- 
20 methyipiperazln-1-yl)-9-trifluoromethyl-6H^1]ben20tWenoI2.3-b]n nraleate (363 mg) was 

obtained. 

melting point 128-129''C: 

Anal. Gated, for C2iHi9F3N4S*2C4H404 :C. 53.70; H, 4.20; N. 8 64%. 
25 R)und: C. 53.56; H. 4.26; N. 8.56%. 



Example 25 




[0284] In the same manner as in Example 1 and using ethyl 6-bromo-2-(2-amino-5-fluoroanillno)benzo[b]thi- 
45 ophene-3-carboxylate (3.8 g), 1 -methylpiperazine (16 ml), anisole (85 ml) and titanium tetrachloride (3.0 ml), 3-bromo- 
8-fluoro-12-(4-methylrtpera2in-1-yl)-6H-[1]berizothieno[2.3-b][1.5f^^ (1.16 g) was obtained. 

melting point 21 9-221 "C: 

Anal. Calcd. for C2oHi8BrFN4S: C. 53.94; H. 4.07; N, 12.58%. 
so Found: a 53.72; H. 3.88; N. 12.41%. 
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Example 26 
[0285] 



10 



IS 




[02861 In the same manner as in Example 1 and using ethyl 2-(N-methyl-2-nftroaniIjno)benzo[blthiophene-3-car- 
20 boxylate (3.2 g), 1 -methylpiperazine. anisole (80 ml) and titanium tetracMoride (3.5 ml). 6-methyl-12-(4-mefhylpiper- 
azin*1-yl)[1]benzothieno[2.3-b][1,5]benzodiaz6pine (166 mg) was obtained. 

melting point 88-90^'C 

25 Starting Material Synthesis Example 50 

(02871 



30 



3S 




[02881 To a solution of 2-aminobenzoIblthiophene-3-carbonitrile (116 g). dimelhyHornnamlde (370 ml) and 2,4Kjif- 
40 luoronitrobenzene (73 ml) was added pulverized potassium carbonate (276 g). and the mixture was stirred at 55'C for 
5.5 hours. The reaction mixture was stirred under Ice-cooling for 30 minutes and water { 1 .9 L) was added. The mixture 
was further stirred for 30 minutes. The precipitated crystals were filtered by suction and washed with water (1 .9 L) and 
dried in a drying box overnight to give crude crystals (1 98 g). The obtained crude aystals were suspended in ethyl ace- 
tate (700 ml) and the mixture was stin-ed under reflux with heating whfle removing water for 2 hours. The reaction mix- 
45 ture was cooled and stirred at 20*C for 1 hour. The precipHated crystals were filtered by suction, washed with ethyl 
acetate (150 ml) and dried to give 2-(5-fluorch2-nitroanilino)benzo|bJthicvhene-3-carbort^^^ (123 g) as red crystalline 
powder. 

melting point 161-163*^0 

so 
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Starting Material Synthesis Example 51 
[Q289] 



5 



TO 




F 



IS [0290] To a solution of 2-amino-6-fluorobenzoIb)thiophene-3-cartx)nitrile (15 g). tetrahydrofuran (140 ml) and 2- 
f luoronitiobenzene (1 1 .3 g) was added portionwise 60% sodium hydride (3.5 g) under ice-cooling and the mixture was 
stood still at S'^C for 30 minutes. The precipitated crystals were filtered by suction, washed with isopropyl ether (120 mQ 
and dried to give 6-f luoro-2K2-nitroanilino)beri2X>|b]thiophene-3-cartK)ni^ (8.0 g). 

20 lH-NMR(400MHz, CDO^) 6: 10.13(br.s. 1H). 8.28(d, J=8.3Hz, 1H). 7.75(m, IH), 7.61-7.57(m. 2H). 7.43(m, 1H). 
7.25(m. IH). 7.10(m, IH) 

Starting Material Synthesis Example 52 

25 [0291] 



30 




35 

In the sane manner as in Starting Material Synthesis Example 51 and using 2-amino-6'Chlorobenzo[b]thicphene^-car- 
bonitrile and 2-f luoronitrobenzene. 6K:hloro*2-(2-nitioaniiino)benzoib]thiophene^-carbonitrile is obtained. 

Starting Material Synthesis Example 53 

40 

[0292] 



45 




[0293] In the same manner as in Starting Material Synthesis Example 51 and using 2-amino-6-methoxyt)en20[blthi- 
ophene-3-cafbonitrile (5.2 g) and 2.4-difiuoro-nltroben2ene (4.0 g), 6-methoxy-2-(5-fluoro-2-nitroanllino)benzo[b]thi. 
55 ophene-3*caitx>nitrile (2.5 g) was obtained. 

1H-NMR(400MH2. COO^b: 10.04(br.s. 1H),8.33(m, 1H). 7.74(d, J«8.8Hz, IH), 7.23(S, IH), 7.13(d. J=8.8H2, IH). 
7.04(d, J=10.3Hz. IH). 6.70(m, IH). 3.88(s. 3H) 
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Starting Material Synthesis Example 54 
10294] 



5 



TO 




[0295] In the same manner as in Starling Material Synthesis Example 51 and using 2-amino-4'methylbenzo[b]thi- 
15 ophene'3-cartx>nitrile (3.8 g), 2'Chloronltrobenzene(3.5 g) and dimethyl sulfbxide (45 ml), 4-methyt-2-(2- 
nitroanilino)ben2o[b]thiophene-3-caitK)nitrile (5.8 g) was obtained. 

^H-NMR (400MHz. CDCI3) 6: 10.31 (bf.S, 1H). 8.28(d. J=8.3H2, 1H). 7.66-7.52(m. 3H). 7.27-7.11(m. 2H), 7.08(d. 
J=7.4H2. 1H). 2.81 (S. 3H) 

20 

Starting Material Synthesis Example 55 
[0296] 



25 



30 




H3C 



35 

10297] In the same manner as in Starting Material Synthesis Example 51 and using 24mino-7-methylbenzo[b]thi- 
ophene-3-carbonitrlle and 2-fluoronitrobenzene. 7-methyt-2-(2-nitroanilino)benzoIb]thiophene-3-carix>nitrile is 

obtained. 

40 Starting Material Synthesis Example 56 
[0298] 



45 



SO 




F 



^ [0299] In the same manner as in Starting Material Synthesis Example 51 and using 2-amino-6-1luorobenzo[b]thi- 
ophene-3-€art)onitrile (4.9 g] and 2.4-difluoro-nitrobenzene (4.1 g). 6-ftuoro-2-(5-fluoro-2-nitroanilino)benzo[b]thi- 
oph6ne-3-cart)onitrile (7.8 g) was obtained. 
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^H-NMR(400MH2, CDCI3) 6: 10.23(br.s. 1H). 8.35(dd, J=9.3, S.IHz. 1H), 7.81(dd. J=8.8. 4.9H2, 1H), 7.48(d. 
J=8.3H2, 1H). 7.3V7.28(m, 1H), 7.14{d. J=9.3Hz, 1H), 6.76(m. 1H) 

Starting Material Synthesis Example 57 

5 

[0300] 



10 



15 




[0301] In the same manner as in Starting Material Synthesis Example 51 and using 2-amino-6-fluorobenzo[b]thi- 
20 ophene-3-carl)onitrile (5.0 g)» 3-fluoro-4-nitrotoluene (4.7 g) and dimethyl suHbxide (55 ml). 6-fluofO-2-(5-methyl-2- 
nitroanilino)ben2o(b]thiophene-3-carbonitrlle (7.5 g} was ot)taned. 

^H-NMR (400MH2, CDCI3) 6: 10.19(br.s. 1H), 8.17(d. J«8.8Hz. 1H), 7.75(m. 1H). 7.44(d. J^aSHz, 1H). 7.24- 
7.22(m, 2H), 6.89(d. J=88H2. 1H). 2.41 (s. 3H) 

25 

Starting Material Synthesis Example 58 
[0302] 



30 



35 




[0303] In the same manner as in Starting Material Synthesis Example 51 and using 2-aminobenzo[b]thiophene-3- 
40 carbonitrile (4.0 g) and 2,5-difluoronitroben2ene (3.7 g). 2-(4-1luoro-2-nltroanilino)ben2o|b]thiophene-3-cart)onitrile (8.7 
g) was obtained. 

^H-NMR (400MH2. CDCI3) 6: 9.94(br.s. 1H). 8.01 (m. 1H), 7.79(d. J=7.9Hz. 1H), 7.71(d. J=8.3Hz, 1H). 7.62(m, 1H), 
7.50(dd. J=7.3. 8.3Hz, 1H). 7.42-7.35(m. 2H) 

45 

Starting Material Synthesis Example 59 
[0304] 



so 



55 
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[0305] Sodium hydrosulfite (86%. 233 g) was suspended in dimethylfbrniamide (240 ml) and the suspension was 
heated to 1 1 0*^0. To this suspension was added dropwise at 11 C'C a solution of 2-(S^uoro-2-nitroanilino)benzoIb]thi- 
ophene-3-carbonitriie (120 g), dimethyttormamide (720 ml) and water (27.5 ml), which solution had been heated to 65- 
s 70*C. The reaction mixture was stirred atl 10»C lor 1 hour and cooled to 20*C. Water (3.3 L) was added in 6 portions 
over 1 hour and the mixture was stin^ed at 20"C for 1.5 hours. The precipitated aystals were filtered by suction and 
washed wHh water (2 L) to give 2-(2-aiTino-5-lluoroanilino)ben20[blthiophene-3-cart>onitrile (158 g, (wet weight)) as 
ocher crystals. 

TO melting point 1 78-1 80*C (decomposition) 

Example 27 

[0306] 

IS 



20 




25 [0307] 2-(2-Amino-5-fluoroanilino)ben2o[bJthiophene-3-cartx>nitr!le (155 g) was suspended in a mixture of metha- 
nol (250 ml) and water (200 ml) and 35% aqueous hydrochloric acid (42 ml) was added. The mixture was stirred under 
reflux with heating for &5 hours. The reaction mixlure was cooled and stirred at 20«C for 1 hour. The precipitated crys- 
tals were filtered by suction, washed successsively with water (500 ml) and isopropyl alcohol (200 ml) and dried in a 
drying box overnight to give 12-amino-8-fluofo-6H-[1]benzothienoI2.3-b][1.5Iben20diazepine • 1 hydrochloride (104 g) 

30 as yellow aystals. 

melting point 213-216''C (decomposition) 
Example 28 

35 

[0308] 



40 




[0309] Tln(ll) chloride (50 g) was dissolved in a 1 8% hydrochloric add (250 ml) solution heated to 50*C, and a sus- 
pension of 6-fluoro-2-(2-nitroanilino)ben20[b]thiophene-3-carbonitrile (20 g) in ethanol (280 ml) was added. The mixture 
was refluxed under heating for 4 hours. Then, the reaction mixture was cooled to 40*C and poured into water (1 L) and 
so the mixture was stood still lor 30 minutes. The precipitated crystals were filtered by suction and washed with water (500 
ml) to give 12-amino^-f luoro-6H-[1]benzothieno[2.3-b][1 .5]benzodiazepine • 1 hydrochloride (15 g). 

^H.NMR(400MHz. DMSOde) 6: 11.46(s. 1H), 9.92(s. 1H). 9.02(s. 1H). 9.00{s. 1H). 7.84(d. J=6.3Hz. 1H). 7.69(m. 
1H). 7.31(m. 1H). 7.20-6.98(m. 4H) 
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Example 29 
[0310] 



5 



10 




[031 1] In the same manner as in Example 28 and using 6-chbro-2-(2-nltroanilino)benzo[b]thlophene-3-caitonltrjle» 
75 12-^mino-3K;hbro-6H{1]benzotNeno[2.3-b][1.5]t>enzodiazepi^ • 1 hydrochloride is obtained. 

Example 30 

[0312] 



2S 




30 [031 3] In the same manner as in Example 28 and using 6-methoxy-2-(5-f luoro-2-nitroanilino)ben2oB>]thiophene-3- 
carbonitrile (2.5 g). 12-amino^-fitJoro^HTiethQxy-^H-[l]benzotNeno[2,3-b][1.5]benzodiazepi^ hydrochloride (2.1 
g) was obtained. 

^H-NMR(400MH2, DMSO-dg) ^' 11.68(br.s. 1H). 10.02(br.s. 1H). 9.09(br.s. 1H). 9.01(br.s. 1H), 7.58(d, J«8.8Hz, 
35 1H). 7.53(s. 1H). 7.10-8.95(m, 3H). 6,86(d, J=9.3H2. 1H). 3.78(S. 3H) 

Example 31 

[03141 

40 



45 




SO 

[03151 in the same manner as in Example 28 and using 4-methyl-2-(2-nitroanillno)benzoIb]thiophene-3-caibonitrite 
(2.5 g). 12-amino-1-methyl-6l+[1]benzothieno[2.3-b][1,gbenzodia2epine*1 hydrochloride vwas obtained. 

^H-NMR(400MHz. DMSO^Je) 6: 11.32(s. 1H). 10.02(s. 1H). 9.08(s, 1H). 8.64{s, 1H). 7.71(d. Je7.3Hz. 1H). 7.27- 
ss 7.15(m, 5H). 7.02(d. 7.3Hz. 1H). 2.36(s. 3H) 
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Example 32 
[0316] 



5 



10 




CH3 



IS 

[0317] In the same manner as in Example 28 and using 7-methyl-2-(2'nitroanilino)benzo[b]thiophene-3-carboni 
trile. 12-amino-4-methyl-6H-[l]benzothteno[2,3-b}[1,5]benzodiazepine*1 hydrochloride is obtained. 

Example 33 

20 

[0318] 



25 




[0319] In the same manner as in Example 28 and using 6-fluoro-2(54!uoro-2-nitroanilino)benzo[b]thiophene-3-car- 
bonitrile (7.8 g), 12-amino-3.8<Gfluoro-6H-[1]befizothieno[2,3-b][1,5]benzodiazepine« 1 hydrochloride (4.8 g) was 
3s obtained. 

^H-NMR(400MH2. DMSO-de) 6: 11.51(s. 1H). 10.08(s. 1H). 9.05(s. 2H). 7.86{d. J=8,7Hz. 1H). 770(m. 1H). 
7.32{m. 1H), 7.11(m. 1H). 7.00(m. 1H). 6.86(d. J=9.3H2, 1H) 

40 Example 34 

[0320] 



45 



so 




S5 [0321] In the same manner as in Example 28 and using 6'fluoro-2-(5Hnethyl-2-nitroanilino)benzo[b}thiophene-3' 
caibonitrile (7.4 g), l2-aniino-3-fluoro-8-me%l-6H-[1]b&)zothieno(2.3-b][1.5]benzodtu hydrochloride (8.5 g) 

is obtained. 
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iH-NMR(400MHz, DMSCKy 6: 1V53{br.s. 1H). 9.92(br.5. 1H), 9.02(br.s, 1H). 8-95(br.s. 1H). 7.84(d. J=8.8H2. 
1H), 7.68(d. J=8.7H2. 1H). 7.30(dd, J=8.8, 9.3Hz. IH). 6.96-6.91 (m. 2H). 6.79(s. 1H). 2.22{s. 3H) 

Example 85 

5 

[0322] 



10 




IS 

[032^ In the same manner as in Example 28 and using 2-(4-^luoro-2-nitroanilino)benzo[b]thlophene-3-cart>onitrile 
(6.7 g), 12-amtno-9-fluoro-6H-[1]benzothieno[2,3-b][1 ^^benzodiazepine * 1 hydrochloride (4.6 g) was obtained. 

20 ^H-NMR(400MHz, DMSO-dg) 5: 11.73(s. IH), 10.06(s, 1H), 9.14(s. IH). 9.11(s. IH). 7.87(d. J=7.8H2. 1H). 7,68(d. 
J=7.8Hz. IH). 7.42(dd. J=8.3. 7.3Hz, IH). 7.28(dd. J=7.8. 7.3Hz, 1H). 7.10-7.04(m. 2H). 6.93(dd, J=9.3. 2.4H2. 
IH) 

Example 36 

25 

[0324] 



30 




35 

[0325] In the same manner as in Starting Material Synthesis Example 51 and using 2-aminobenzo[b]thiophene*3- 
carbonltrile (5.0 g) and 2.4,&-trifluoronTtrobenzene (5.1 g). crude crystals (8.7 g) of 2-(4.5<iifluoro-2- 
nitroanilino)benzo[b]tfiiophene-3-carborHtrite were obtained. Without purif tcation, in the same manner as in Example 28 
40 and using tin(ll) chloride • dihydrate (95 g). 1 8% hydrochloric acid (65 mi) and ethanol (120 ml), l2-amino-8. 9-difluoro- 
6H-[l]benzothieno[2.3-b][l .5]benzodiazepine • 1 hydrochloride (7.7 g) was obtained. 

^H.NMR(400MHz. DMSO-de) 6: 11.36(br.s. IH), 9.97{s, IH). 9.16(br.s. IH). 9.09(br.s. IH). 7.90(d, J=7.8Hz. IH). 
7.69(d. J=8.3Hz, IH). 7.44(t. J=7.8Hz, IH), 7.32(dd, J=7.8. 7.3Hz, IH). 7.21(dd. J=7.9, 8.7Hz. IH), 7.05(t, 
45 J=7.8Hz, IH) 



so 



55 
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Example 37 
[0326] 



5 



10 




[0327] To 12-(4-methylpiperazin-1-y!)-8-fluoro-6H^1]ben20lhienoI2,3-bI[1.5IbenzodI^ (63.5 g) was added 
ethanol (320 ml) and the mixture was heated for dissolution. Active charcoal (1 .9 g) was added for natural f fltration and 
20 the mixture was washed with ethanol (220 mQ. The solution was heated to SS'^C and a solution of maleic acid (20. 1 g) 
in an aqueous organo solution (95 ml, upon natural filtration after dissolution) was added dropwise with stirring. The 
solution was stirred at SS^'C for 1 hour, cooled and stirred at 20*0 for 2 hours. The precipitated crystals were collected 
by fatration. washed with ethanol (130 ml) and dried at 50°C to give 12-(4-methylpipera2in-1-yO-8-fluoro-6H-[1]benzo- 
thieno[2.3-b]I1.5)benzodiazepine • 1 maleate (50.5 g) as pale-yellow crystals. 

25 

melting point ZZMZTC (decomposition) 

[0328] Using a suitable organic add or inorganic add instead of maleic acid used in the above-mentioned Exam- 
ples, the following salt oonrpounds can be synthesized. 

30 

Example 38 

12-(4-methytpiperazin-1-yl)-8-fluoro-6H-[1]benzothieno[2.3-bl[1,qbenzocfiazepi^^ methanesuHonate. 
35 [0329] 

melting point SOS-S^'C (deconposition). 

^H-NMR(400MHz, DMSO^ 6: 9.64(br.s. 1H). 8.36(s. 1H), 7.82(d. 1H). 7.38(dd. 1H). 7.25{dd. 1H). 6.89(dd, 1H). 
6.79(dd. 1H). 6.62(d. 1H). 3.10-3.60(m. 8H). 2,85(S. 3H). 2.30(S. 3H). 
40 IR (KBr): 3246. 1618. 1518. 1385 cm 
MS:nVe366. 

Anal. Calcd. tor CzoH^gFI^S * CH4O3S: C, 54.53: H. 5.01 ; N. 12.1 1%. 
Fomd:a 54.35; H. 5.04; N, 1 1 .94%. 

45 Example 39 

12-(4-methylpiperazin-1-yl)-8-fluoro-6H-[1]benzothieAo[2.3-b][1 .SIbenzodazepine • 2 nitrate 
[0330] 

so 

meWng point 170'C (decomposition). 

^H-NMR (400MHz. DMSO<l6)6: 9.78(br.s. 1H). 7.92(d. 1H). 7.58-7.77(m. 1H). 745{dd. 1H), 7.33(dd. 1H). 6 77- 
6.98(m. 3H). 3.20^3.90(m. 8H). 2.84(s. 3H). 
IR (KBr): 3462. 3043. 1599. 1508 cm'\ 
55 MS:nVe 366. 

Anal. Calcd. for C20H19FN4S • 2HNO3 • 0.5H^: C. 47.90: H. 4.42: N. 16.76%. 
Found: C, 47.89: H. 4.44; N. 16.75%. 
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Example 40 

1 2-<4-metlvlpipera2in-1 -yOne^Iuoro-SHillbenzotWen .5|benzodiazepine • 1 .5 sulfate 

5 [0331] 

melting point 236-239°C. 

^H.NMR(400MH2. DMSOKjg) 5: 9.69(br. 1H). 7.87(4 1H). 7.80-7,86{m, 1H). 7.42(dd. 1H). 7.30(dd, 1H). 6.60- 
7.10(m. 3H). 3.60-4.40(m. 8H). 2.89(s. 3H). 
10 IR (KBr): 3406. 2986. 1597. 1510 cm'^ 
MS:m/e 366. 

Anal. CalOd. lor C20H19FN4S • 1 .5H2SO4 • 1 .SHgOiC. 44.43;H, 4.66:N. 1 0.36%. 
FbundiC, 44.45;H. 4.65;N, 10.31% 

15 Example 41 

12-(4-methylpiperazin-1 •yl)-8-fluoro-6H-[1]benzothieno[2.3-bni .SJbenzodiazepine • 2 phosphate 
[0332] 

20 

melting point 189-192**C. 

lH-NMR(400MH2. DMSOdg) 8.29(s. 1H). 7.81(d. 1H). 7.71(d, 1H). 7.35(dd. 1H). 7.23(dd. 1H), 6.87(dd, 3H). 
6.70{d. 1H) 6.56(d. 1H). 2.40-3.90(m. 8H). 2.44(s. 3H). 
IR(KBr).-3429,2922, 1597. 1510 cm ^ 
25 MSrnVe 366. 

Anal. Calcd. for C20H19FN4S • 2H3PO4 • IHgO: C. 41.38: H, 4.69: N. 9.65%. 
Found: C, 41.54; H. 5.11; N. 9.66%. 

Example 42 

30 

[0333] 



35 



40 




[0334] 12-Amino-3-fluoro-6H[1]benzothieno[2.3-b][1 .SJbenzodiazeplne - 1 hydrochloride (12 g) was dissolved in N- 
methylpiperazine (140 ml) and the mixture was stirred under reflux with healing for 3 hours. The reaction mixture is 
cooled to 40'*C. extracted with ethyl acetate (250 ml) and washed with saturated brine (100 mQ. The ethyl acetate layer 

so is dried over magnesium sulfete. The solution was naturally filtrated and the solvent was evaporated under reduced 
pressure. The residue was purified by silica gel column chromatography (ethyl acetatermethanol) to give crude crystals 
of 3-f luoro-12-(4"methylpipera2in-1 -yl)-6H-[1]benzothleno[2,3-bl[1 .Slbenzodiazepine. The obtained aude ayslals were 
dissolved in ethyl acetate (30 ml) and a solution of maleic add (1 .83 g) in ethand (20 ml) was added. The precipitated 
crystals were collected by filtration and recrystallized from aqueous ethanol to give 3-f luoro-1 2-(4-methylpiperazln-1-yO- 

55 6H-[l]ben20thieno[2.3-b][l .5]benzodiazepine • 1 maleate (2.82 g). 

melting point 209**Q 

Anal. Calcd. for C2oHi9FN4S*C4H404: 0,59.74; H, 4.80; N. 11.61%. 
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Found: C. 59.66; H. 4.69; N. 1 1 .56%. 



Example 43 



5 [0335] 



PH3 



TO 



15 




H 



S 



20 [0336] In the same manner as in Example 42 and using 12-amino-3-chJorO'6H-[1]ben20thjeno[2,3- 
b][1,S]benzodiazepine-1 hydrochloride and N-melhylpiperazine. 3-chloro-12-(4-methylpiperazin*1-)^)-6H-[1]benzoth- 
ieno[2.34>][1,5|benzodiazepine is obtained. 

Example 44 

25 

[0337] 



[0338] In the same manner as in Exarriple 42 and using 12-amino-8-fiuoro-3-methQxy-6H-(1]benzothieno[2,3- 
b][1.5]benzodiazepine • 1 hydrochloride (1.6 g). N-methylpiperazine (50 mi) and citric acid, crude crystals (1.0 g) of 8- 
fluoro-3-methoxy-1 2-(4-methylpiperazin-1 -yl)-6H-[l]benzothleno[2,3-b][1 .SJbenzocfiazepine was obtained. The crystals 
45 were dissolved in ethanol (1 0 mf) and a solution of citric acid (552 mg) in ethanol (1 0 ml} was added. The precipitated 
salt was recrystallized from a a mixed solvent of ethyl acetate and ethanol to give 8-fluoro-3*methoxy-12-(4-m6thyl- 
piperazin-1 -yl)-6H'[1]benzothieno[2,3-b][1 .5)benzodiazepine • 1 citrate • dihydrate (204 mg). 

melting pc»n\ 1 18-120*'C. 
so Anal. Calcd. for C2iH2^FN40S*C6Ha07*2H20: C. 51.92: K 5.33: N. 8.97%. 
Found: C. 52 18: H. 5.19: N. 8.63%. 



PH3 



35 



30 




H 



40 
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Example 45 
[0339] 



10 



15 




H 



[0340] In the same manner as in Example 42 and using 12-amino-1-methyi-6H-[1]benzothieno[2,3- 
20 b][1 .5J)enzodiazepine • 1 hydrochloride and N-methylpiperazine. 1 -methyl-12-(4-methylplpera2in-1 -yl)-6H-[1]benzoth- 
ieno[2,3-b][1 »5]benzodiazepine is obtained. 

Example 46 

25 [0341] 



PH3 



30 



35 




[0342] In the same manner as in Example 42 and using 12-amino-4-methyl-6H-[1]ben20thlenoI2,3- 
b][1 .SJbenzodiazeplne • 1 hydrochloride and N-methylplperaztne. 4-methyl-l2-(4-methylpiperazin-l-yl)-6H-[1]benzoth- 
ieno[2,3-b][1.5lbeiizodiazepine is obtained. 



50 
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Example 47 
[0343] 




IS 



[0344] In the same manner as in Exanrple 42 and using 12-amlno-3, 8-difluoro-6H-[1]benzothieno[2,3-bl 
[1 ,5]benzodiazepine * 1 hydrochloride (8.0 g), N-methylpiperazine (100 ml) and maleic add* 3« 8-difluoro-12-(4*methyl- 
20 piperazin-1 -yl)-6H-[l]benzothieno(2,34)][l .SJb^i^odiazepine • 1 maleate (3.4 g) was obtained. 

melting point 21 1 -21 S^'C. 

Anal. CakxJ. for C20H18FN4S • C4H4O4: C. 57.59: H. 4.43: N, 1 1 .19%. 
Found: C, 57.58: H. 4.37: N. 11,10%. 

25 

Example 48 
[0345] 



30 



35 



40 




[0346] In the same manner as in Example 42 and using 12-amino-3-fluoro^-methyl-6H-[1]benzothieno[2,3- 
b][1,5]benzodiazepine-1 hydrochloride (8.5 g). N-methylpiperazine (100 ml) and hydrochlortc add, 3-fluoro-8-melhyl- 
45 12-(4-methytpiperazin-1 -yl)-6H-[1]benzothieno[2.3-b][1 ,5]benzodiazepine * 2 hydrochloride was obtained. 

melting point 240-242<'C (decomposition). 

^H>NMR(400MHz. DMSO-dg) 5:11.82(br.8. 2H). 11.09(br.s. 1H). 7.89-7.54(m, 2H). 733-7.26(m, 2H). 6.98-6.96(m, 
2H). 4.7&-2.87(m. 11H). 2.24(6, 3H) 

so 
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Example 49 
[0347] 

5 



10 



15 




[0348) In the same manner as in Example 42 and using 12-amino-9-fluoro-6H-[1]benzofthieno[2.3- 
b][1,5|benzodiazepine*1 hydrochloride (2.0 g). N-methylpiperazine (40 ml} and maleic acid, 9-fluoro-l2-(4-methyl- 
20 piperazln-1 -yl)-6H-[l]benzothieno[2,3-b][1 .5]benzodiazepine - 2 maleate (1 .2 g) was obtained. 

melting point 136-137*C. 

Anal. Calcd. for C20H19FN4S « 2C4H4O4: C, 56.18; H. 4.55; N. 9.38%. 
Found: C. 56.14; H. 4.58; N. 9.32%. 

25 

Example 50 
[0349] 



30 



35 




[035fq In the same manner as in Example 42 and using l2-amino-8. 9-dlfiuoro-6H-[1]benzothieno[2.3- 
b][1.5|benzodtazepine- 1 hydrochloride (4.0 g). N-methylpiperazine (40 ml) and maleic add. 8. 9-difluoro-12-(4-meth- 
45 ylpiperazin-1-yl)-6H-[l]benzothieno[2.3-b][l.5]benzodiazepine • 1 maleate (924 mg) was obtained. 

melting point 144-146''C (decomposition). 

Anal. Calcd. for C20H18F2N4S * C4H404:C. 57.59; H. 4.43; N. 11.19%. 
FoundrC. 57.39;H, 4.44:N, 11.10%. 

so 
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Example 51 
[0351] 

5 



10 



15 




[0352] In the same manner as in Example 42 and using 12-amino-8-lluoro-6H-[1]ben2othieno[2,3- 
b][1 .Slbenzodiazeptne • 1 hydrochloride (1 .3 g), N-ethy|piperazine (25 ml) and maieic acid. 12-(4-ethylpiperazin-1 -yt)-d- 
20 f luoro-6H-[l]ben2othieno[2.3-b][1 .^benzodiazepine • 1 maleate (731 mg) was obtained. 

melting point 211 *212«C. 

Anal. Cared, for CgiHgi FN4S • C4H4O4 :C. 60.47;H. 5.07:N. 1 1 ^8%. 
FoundrC. 60.30:H. 5.03:N. 11.18%. 

25 

Example 52 
[0353] 



35 



40 




[0354] In the same manner as in Example 42 and using l2-amino-8-fluoro-6H-[1]ben2othi8no[2,3- 
b]I1 ,5]ben2odiazepine • 1 hydrochloride (1 .5 g). N-n-propylpiperazine (17 g), dimethyl sulfoxide (10 ml) and hydrochloric 
45 acid. CTude aystals (850 mg) of 8-fluoro-12-(4-propylpiperazin-1-yi)-6H-[1]benzothieno[2.3-b]I1,5Ibenzodiazepine 
were obtained. The crude crystals were dissolved in ethyl acetate (12 ml) and a solution of 5.5 mol/l hydrochloric add 
in ether was added to give 84luoro-12K4-propylpiperazin-1-yl)-6H^1]ben2o4Wenol2.345][1.5Iben20di^ 
hydrochloride • 1 .5 hydrate (757 mg). 

so melting point 21 5-21 7''C (decomposition). 

Anal. Calcd. for C22H23FN4S • 2HCI • Z/ZHzOC 53.44:H. 5.71 :N. 1 1 .33%. 
FoundrC. 53.33;H. 5.78:N. 11.14% 
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Example 53 



[0355] 



5 



^CH(CH3)2 



15 



10 




[0356] In the same manner as in Example 42 and using 12-amjno-8-fluoro-6H-[1]benzothieno[2,3- 
20 b][l.5]benzodiazepine-1 hydrochloride (1.5 g), N-isopropylpiperazine (17 g), dimethyl sulfoxide (10 ml) and maleic 
acid, 8-fluoro-12-(4-i8oprapylpiperazinO-yl)-6H-[1]ben2omieno[2.3-b]I1,5]benzo^ maleate (521 mg) was 

obtained. 

melting point 217«C. 
25 Anal. Calcd. for C22H23FISI4S • C4H404:C. 61.16;H. 5.33:N. 10.97%. 
FoundiC, 61.03:H. 5.30:N. 10.91%. 

Example 54 

30 [0357] 



[0358] In the same manner as in Example 42 and using 12-amino-8-fluoro-6H-I1]ben20lhienoP.3- 
b]Ii .qbenzodiazepine • 1 hydrochloride (1 .7 g), N-cyclopropylpiperazine (8.0 g). dimethyl sulfoxide (10 ml) and maleic 
acid. 12K4-cydopropylpiperazin-1-yl)-8-fluoro-6H-[1]benzothienoI23-b]I1.S^^ 1 maleate (877 mg) was 

obtained. 



40 



35 




45 



SO 



melting point 182-183«C. 

Anal. Calcd. for C22H2tFN4S • C4H4O4 :C, 61.40:H. 4.95;N. 1 1 .02%. 
FbundrC. 61.28:H. 4.88:N, 10.82%. 
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Example 55 



[0359] 
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/(CiyaOH 



10 
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IS 



[0360] In the same manner as in Example 42 and using 12>amino-8-fluoro*6H-[1]benzothieno[2,3- 
so b][1 ,5]benzcxirazepine • 1 hydrochloride (1.3 g), N-(2-hydrQxyethyl)piperazine (12.5 ml), dimethyl sulfoxide (5 ml) and 
maleic add, 8-ftuoro-12-[4-(24iydroxyethyl}piperazin-1-yq-6H41]benzothi6no[23-b][1.5]to^ maleate • 1 

hydrate (1 .18 g) was obtained. 

melting point 75-77»C. 
25 Anal. Calcd. for C21H21 FN4OS • 2C4H4O4 • HgO: C. 53.86;H. 4.83:N. 8.66%. 
Found:C. 53.80:H. 4.94:N, 8.67%. 

Example 56 

30 [0361] 



[0362] In the same manner as in Example 42 and using 12-amino-8-fluoro-6H-[1]benzothjeno[2,3- 
b][1.5]benzodiazepine* 1 hydrochloride (14 g). N-methythomopiperazine (5.4 g). dimethyl sulfoxide (25 mi) and citric 
acid. 8-fluoro-l2-(4-methylhomopiperazirv1-yl)-6H-[1]benzothieriop,3-b][1.5|bera citrate '0.5 hydrate 

(455 mg) was obtained. 



40 



35 




SO 



melting point 98-1 OO^'C (decomposition). 

Anal. Calcd. for C2iH2iFN4S*C6H807 • l/aHgOrC. 55.76: H. 5.20; N. 9.63%. 
FoundrC. 55.48:H. 5.60:N. 9.64%. 
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Example 57 
[0363] 
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15 




SO [0364] In the same manner as in Example 42 and using 12-aminD-8-fluoro-6H'[1]ben20thieno[2,3- 
b][1,5p9enzodiazepine • 1 hydrochbride (1.3 g). N, N'-tnmethylethylenediamine (13 g). dimethyl sulfoxide (5 mi) and 
citric acid, 8-f luoroO 2-[N>(2<iimethylamtno6thyl)-N-m0thylamino]-6H-[1]berizot^^ ,5]benzodiazepine * 1 

citrate • 1 hydrate (289 mg) was obtained. 

25 melting point 72-74»C (decomposition). 

Anal. Calcd. for C2oH2iFN4S»C6H807 •HaOrC. 53.97;H. 5.40;N. 9.68%. 
FbundiC. 53.60;H, 5.27;N. 9.02%. 

Example 58 

30 

[0365] 



35 
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45 




SO [0366] In the same manner as in Example 42 and using 12-amino-8-1luoro-6H-[1]benzothieno[2,3- 
b][1 .SJbenzodiazepine • 1 hydrochloride (1 .6 g), 1-[2-(2-hydroxyethoxy)ethyqpiperazine (13 g) and dimethyl sulfoxide (5 
ml). 8-fluoro-1244-[2-(2-hydroxyethQxy)ethyq*1i)iperazinyt}-6H-[1]benzothieno[2.343][1^ (422 mg) 

was obtained. 

55 melting point 1 98*C. 

Anal. Calcd. for C23H25FN402S:C. 62.71; H, 5.72:N. 12.72%. 
FbundiC. 62.63;H. 5.59:N, 12.57%. 
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[0368] In the same manner as in Example 42 and using 12-amino-8-lluoro-6H-[1]benzothienol2,3- 
25 b][l .^benzodiazepine • 1 hydrochloride (2.1 g). N-benzylpipe-azine (25 g). dimethyl suHoxide (10 ml) and hydrochloric 
acid. 8-fluoro-12K4-ben2ylpipera2in-1-yl)-6H-ll]ben2othieno[2.3-b]Il.qben2odia^ hydrochloride* 1/4 hydrate 

(360 mg) was obtained. 

melting point 260-262'C. - 

30 

Example 60 
[0369] 

^ .cooqciya 



40 



45 




[0370] In the same manner as in Example 42 and using 12-amino-8-fluoro-6H-[1]benzathieno[2,3- 
so b][1,5]ben20dia2epine- 1 hydrochloride (2.0 g). tert-butyH-pfperazinecartwxyiate (5.0 g) and dimethyl sulfoxide (15 
ml). 8-fluoro.12-(4-tert.butoxycaibonyfpipera2in-1.yl)-6H-[1]benzothieno[2.3-b][1.^ (1.6 g) was 

obtained. 

^H-NMR(400MH2. CDCI3) 6: 7.76(d. J=7.8Hz. 1H). 760(d. J=7.8Hz. 1H). 7.32(dd. J=74. 7,1 Hz, 1H). 7.22(dd 
55 J:=9.2. 8.3H2. 1H). 6.97(dd. J=8.8. 2.9H2. 1H). 6.70(dd. J=8.3. 2.8Hz. 1H). 6.42(dd. J=8.8. 2.9H2. 1H). 5.18(br.5. 
1H). 4.20-0.70(m. 9H). 1.44(s. 9H). 



SOOCtO: <EP 10ie6B4AlJ_> 



93 



EP1016 664A1 



Example 61 
[0371] 
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20 



25 



[0372] 8-F1uoro-l2>(4-tert-bu1oxycarbonylpiperazirv1 -yl)-6H-[1]benzothieno[2,3-b][1 ,5]benzodiazepine (1 .6 g} was 
dissolved in trifluoroacetic acid (8 ml) and the mixture was stirred at room temperature for 3 hours. Trif luoroacetic acid 
was evaporated under reduced pressure. The residue was dissolved in ethyl acetate and saturated aqueous sodium 
hydrogencartscnate solution was added. The mixture was stirred at room ternperature for 2 hours and the ethyl acetate 
layer was dried over magnesium suHate. After natural filtration, the solvent was evaporated and the residue was sepa- 
rated and purified by silica gel column chromatography (chloroform:methanol«4:1) to give 8*fluoro-12-(piperazin-1-yl)- 
6H-[1]ben»>thieno[2.3-b][l .S^nzodiazepine (1 .7 g). which was treated with maleic add to give 8-fluoro-1 2-(p9>erazin- 
1-yl)-6H-[1]benzothieno[2.3-b][1 ,5|benzodiazepine • 3/2 nnaleate* 1/2 hydrate (347 mg). 



melting point 141-143''C (decomposition). 

Anal. Calcd. for Ci9Hi7FN4S*3/2C4H404' I/2H2O: C. 56.17; H. 4.34; N. 10.48%. 
FbundrC, 56.30:H. 4.58:N. 10.08%. 

30 

Example 62 



[0373] 




[0374] 8-Fluoro-3-methoxy-1 2-(4-methylpjperazin-1 -yl)-6H-(1]benzothieno[2.3-b][1 .Sjbenzodiazepine (500 mg) 
so was dissolved in dichtoromethane (15 ml) and ethanedithiol (2.10 ml) and alumhiium chloride (2.51 g) were added. The 
mixture was stirred at room temperature for 2 hours. Water (50 ml) was added to the reaction mixture and 1 0% aqueous 
sodium hydroxide solution was added until it assumed alkaline. The mixture was extracted with chloroform, washed with 
water, washed with saturated aqeuous sodium chloride solution and dried over sodium sulfate. The solvent was evap- 
orated under reduced pressure, and the residue was separated by silica gel column chromatography (chloroformimeth- 
55 anol=5:1) and reaystallized from ethyl acetate to give 8*fluoro-3-hydroxy-l2*(4-methy|pjperazin-1-yl)-6H- 
[1]benzothieno[2>b][1,5]benzodiazepine (251 mg). 

^H-NMR(400MHz, CDCI3) 6: 7.59(d. 1H). 7.01(d. 1H). 6.96(dd, 1H). 6.83(dd. 1H). 6.68(m, 1H), 6.41(dd. 1H), 
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5,09(br.s. 1H), 4.00-2.00(m, 8H). 2.34(s. 3H). 
Example 63 
5 [0375] 



10 



15 




SO 

[0376] 8-Fluoro-12-(piperazinO-yI)-6H-[l]benz(Meno[2.3-bK1.qbenzocfiaze^ (260 mg) was dissolved in tolu- 
ene (5 ml) and anhydrous acetic add (230 mg) and triethylamine (375 nng) were added. The mixture was stirred at 80'C 
for 30 minutes. The reaction mixture was allowed to cool to room temperature, and extracted with chlorofonn. washed 
with water and dried over anhydrous magnesium sulfate. After natural filtration, the solvent was evaporated under 
25 reduced pressure and the residue was recrystallized from methanol to give 8-fluoro-12-(4-acetylpiperazin-1>yl)-6H- 
I1lbenzothienot2.3-bI[1 .^benzodiazepine • 1/4 hydrate (97 mg). 

melting point >290''C. 

Anal. CakxJ. fbr CaiHigFISUOS* IMHgO: C, 63^; H, 4.93; N. 14.04%. 
30 FoundrC. 62.97;H. 4.67;N. 1 3.75%. 

Exanf«pie64 

[0377] 
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[0378] To a solution of 8-ffluoro-12-(4-methylpiperazin-1-yl)-6H^1]b€nzothieno[2>b][1 .qbenzodiazejwne (100 mg) 
in Gthanol (2 ml) was added 30% aqueous hydrogen peroxide solution (0.1 ml) and the mixture was stirred at room tem- 
perature fbr 3 hours and then left standing fbr one day. The obtained suspension was filtered and the solvent was evap- 
orated under reduced pressure. The obtained residue was purified t>y silica gel column chromatography 
55 (chloroform:methanoh5:1) to give 8-fluoro-12-(4-methylpiperazine-4-oxkle-1-yl)-6H-[1]benzothienoI2,3-b][1.5]benzodi- 
azepine (50 mg) as a yellow oily substance. 

^H-NMR(400MHz. CDCI3) 6: 3.00-3.80{8H. m. CH2X4). 3.25(3H. s. CH3), 6.46(1H. dd, J=2.9, 8.8Hz, ArH). 



SOOaO <EP l0lGe64AlJ.> 



95 




EP 1 016 664 A1 

6.74(1 H, ddd, J=2.4, 2.9. S.3Hz. ArH). 6.97(1 H. dd. J=2.9. aSHz. ArH). 7.24(1 H. d. J=7.4Hz. ArH). 7.37(1 H, dd, 
J=7.3. 7,8Hz, ArH), 7.63(1H, d, J=8.3Hz, ArH), 7.72(1H, d, J=8.3H2, ArH). MS: nVe383(M+1). 

Example 65 

5 

[0379] 
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19380] In the same manner as in Example 62 and using 8-lluoro-1 -m6thoxy*12-(4-methytpiperazin-1-yI)-6H*[1]ben- 
zothieno[2.3-b][1,5]benzcxliazepine. dichloromethane, ethanedithiol and aluminium chloride. 8-fluoro-1-hydroxy-12-(4- 
methylpiperazin-1 -yl)-6H-[1]benzothleno(2,3-b][1 .benzodiazepine is obtained. 

25 

Example 66 
[0381] 
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45 [0382] In the same manner as in Example 62 and using 8-fluoro-2-methoxy-12-(4-methy(piperazin-1-yl)-6H-{1]ben- 
zothieno[2,343][1.5]benzodiazepine. dchloromethane, ethanedithiol and aluminium chloride. 8-fluoro-2-hydroxy 12-(4- 
methylpiperazin-1-yl)-6H-[1]benzothieno[2,3-b][1 .5]benk.odiazepine is obtained. 

so 



55 



4SD0CID <EP 1016864A1 J.> 



96 



f4 

Example 67 



EP 1016 664 A1 



[0383] 



5 



10 



IS 




[0384] In the same manner as in Example 62 and using 8-fliJoro-4-methQxy-12-(4-niethyfprpera2in-l-yl)-6H-[11ben- 
20 zothieno[2.3-b][1 ,5)benzodiazepine, dichloromethane, ethanedithiol and aluminium chloride. 8-fluoro-4-hydrQxy-12-(4- 
methylpiperazin-1-yl)-6H-[1]benzothieno[2,3-b]I1.S]benzodiazepine is obtained. 

Example 68 

25 [0385] 




40 

[0386] In the same manner as in Example 62 and using 8-fluoro-7-methoxy-l 2-{4-methylpiperazin-l-yl)-6H-[lIben- 
zothieno[2,3-b][1»5Ibenzodiazepine. dichloromethane. ethanedithiol and aluminium chloride. 8-fluoro-7-hydrQxy-12-(4- 
melhylpiperazfn-1-yI)-6H-l1]ben«)thieno[2.3-b]I1.5Ibenzodiazepine is obtained. 
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Example 69 
[0387] 
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[0388] In the same manner as in Exanpl662ancl using 8-fiuorO'9-methoxy-12-(4-methy|piperazin-1-yl)-6H-[1]b6n- 
so zothieno[2.3-b][1 .SJbenzodiazepine. dichloromethane. ethanedithiol and aluminium cNoride, 8-fluoro-9-hydroxy-12-(4- 
methylpiperazin-1 -yl)-6H-[1]benzothieno[23-b][1 ,5]benzodiazeplne is obtained. 

Example 70 

25 [0389] 
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[0390] In the same manner as in Example 62 and using 8-fluoro-10-methoxy-12-(4-methyipipera2in-1-y1)'6H- 
[l]benzothieno[2.3-b][1.5]benzodiazepine. dichloromethane. ethanedithiol and aluminium chloride, 8-fluoro-10* 
hydfoxy-12-(4-methytpiperazin-Vyl)-6H-[1]benzothieno(2>b][1.5|berizo^ is obtained. 



so 



ss 
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[0392] 3-Fluoro-8-methyl-l2-(4-methy!piperazin-1 -yl)-6H-[11benzothieno[2.3-b]Il .SJbenzodiazepine is dissolved in 
20 carbon tetrachloride and reacted with 2.2'-a20bis(isobutylonitrile) in the presence of N-chlorosuccinimide to give 8-chIo- 
ronriethyl-34Juoro-12-(4^Ti©thy|piperazin-1-yl).6H-|1Ibenzothien^^ b]I1 .5]benzodiazepine. 

Example 72 

2S [0393] 



40 [0394) 12-Amino-8-fluoro-6H-(l]benzothieno[2,3-bHl.5Jbenzodia2eplne hydrochloride (102 g) was suspended in 
toluene (600 ml), and the mixture was stinred under reflux with heating Ibr 3 hours to remove water. The mixture was 
cooled to 70°C under a nitrogen atmosphere, and N-methylplperazine (300 ml) was added. The mixture was stirred with 
healing under a nitrogen atmosphere until the inside temperature reached 120'C while removing toluene for 1.5 hours. 
The mixture was heated under a nitrogen atmosphere at 120*C for 2.5 hours and cooled to 25'*C under a nitrogen 

45 atmosphere. Ethyl acetate (600 ml) and water (450 ml) were added to the reaction mixture for extraction and the 
obtained ethyl acetate layer was washed three times with water (300 ml). After confirming pH 7-8 of washing water, the 
solvent was concentrated under reduced pressure. Acetonitrfle (100 ml) was added and the mixture was azeotropicaOy 
concentrated to dryness under reduced pressure. To the residue was added acetonltrlle (300 ml) and the mixture was 
heated for dissolution. The solution was cooled and stirred at -10*^0 — 5»C for 2.5 hours to allow precipitation of crys- 

so tals. The precipitated crystals were filtered by suction and washed with acetonitrile (100 ml), followed by drying to give 
8^luoro-12-(4^elhylpipera2in-1-yO-6H-[1]benzothienoP.3-bni,5|ben2odiazepine (65.5 g). 

melting point 167-169''C. 



3S 



30 




55 



99 



SOOCIO <EP 10166B4A1J_> 




EP 1016 664 A1 

Example 73 
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[0396] Using an equivalent annount of hydrochloric acid instead of maleic acid In Example 2, 8^luoro*1 2-(4-methy!- 
piperazin-1-yl)-6H-[1]benzothieno[2,3-b][1,5]benzodiazepine- 1 hydrochloride was obtained. 

so 

melting point SIO^S^C. 
MS:fn/e 366, 

AnaL Calcd. for C2oHi9FN4S-HCI:C. 59.62; H. 5.00:N, 13.91%. 
FoundrC, 59.43:H. 5.02:N. 13.88%. 

25 

Starting Material Synthesis Example 60 
[0397] 
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[0398] 2-Bromo-4,5,6.7-tetrahydrobenzo[b]thiophene-3-carboxylic acid (6 g) was suspended in thionyl chloride (30 
40 ml) and the mixture was stirred under reflux with heating for 75 minutes. TTiioriyl cNoride was evaporated under reduced 
pressure and the residue was dissolved in toluene (50 ml). This toluene solution was added dropwise to a solution of 
2-aminophenol (2.5 g) in pyridine (50 ntl) under ice-cooling. The mixture was stirred at room temperature tor 2 hours 
and completion of the reaction was confirmed by thin layer chromatography. The solvent was evaporated under reduced 
pressure and the residue was dissolved in ethyl acetate. The nvxture was washed with diluted hydrochloric acid and 
45 saturated aqueous sodium hydrogencarbonate solution and dried over magnesium sulfate. The solvent was evaporated 
under reduced pressure. To the residue was added diisoprcpyl ether and the mixture was filtrated to give 2-bromo- 
4,5.67-tetrahydro-N-(2-hydroxyphenyl)-benzo[b]thiophene-3-cart>Qxaniide (5.3 g). 

^H-NMR{400MHz. CDCI3) 6: 8.65(br, 1H). 7.94(br. 1H). 7.15-7.19(m. 2H). 7.06(d. J=8.3Hz, 1H). 6.91(m, 1H). 2.75- 
SO 2.78(m. 2H). 2.67-2.70(m, 2H), 1 .77-1 ,86(m. 4H) 
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Starling Material Synthesis Example 61 
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[0400] In the same manner as in Starting Material Synthesis Example 60 and using 2-bromo-4.5.67-tetrahyd- 
IS roben2o[b]thiophene-3-cartx>xylic acid (6 g). thionyl chloride (30 mJ). 2-amlno-5-methylphenol (3.14 g), 2-bromo- 
4.5,6 J-tetrahydro-N-(24iydroxy-4-melhyiphenyl)-benzoIbJthiophene-3<arba^ (5.8 g) was ok>tained. 

^H-NMR(400MHz. DMSO^ie) S: 9.66(s. 1H), 9.33(br. 1H). 7.62{d, J=8.3Hz, 1H). 6.71(s. 1H). 6.62(d. J=8.3Hz, 1H). 
2.66-2.50(m. 4H), 2.22(s. 3H). 1.76-1 .72(m. 4H) 

so 

Starting lUlaterial Synthesis Example 62 
[0401] 



25 



30 




[0402] In the same manner as in Starting Material Synthesis Example 60 and using 2-bromo-4.5,6.7-tetrahyd- 
3S roben20[bJlhiophene-3-carboxylic acid, thionyl chloride and 2-amlno-5^luorophenol. 2-bromo-4,5.67-tetrahydro-N-(4- 
fluoro-2-hydroxyphenyl)-benzc{b]thiophene-3-cartX3xantide is obtained. 

Starting Material Synthesis Example 63 

40 [0403] 




so 

[0404] In the same manner as in Starting Material Synthesis Example 60 and using 2-bromo-4.5.6,7-tetrahyd- 
robenzo[b]thiophene-3-carboxylic acid, thionyl chloride. 2-aminothiophenol. 2-bromo-4,5.6.7-tetrahydro-N-(2-mercap- 
tophenyO-benzo[b]thiophene-3-cart»xamide Is obtained. 

55 Starting Material Synthesis Example 64 

[0405] In the same manner as in Starting Material Synthesis Example 60 and using 2-bromo^.5.6.7-tetrahyd- 
rQbenzo[b]lhiophene-3K»rboxylic acid, thionyl chloride and 2-amino-5-methytthiophenol. 2*bronfio-4,5.67-tetrahydro> 
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N-(2-mercapto-4-methylphenyl)4>enzoIb]tNophene-3*car^ is obtained. 
Starting Materf ai Synthesis Example 65 

5 [0406] In the same manner as in Starting Material Synthesis Example 60 and using 2-bromo-4, 5, 6.7-tetrahyd- 
robenzo[b]thiophene*3-carboxylic add. thionyl chloride, 2-amino-5-fluorothiophenol. 2-bromo-4,5,6.7-tetrahydro-N-(4- 
fluoro-2-mercaptophenyl}-benzoIb]thiophene-3-cart)Qxamide 



10 
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is obtained. 
20 Example 74 
[04071 
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[0408] To a solution of 2-bromo-4,5.67-tetrahydro-N-(24iydroxyphenyl]4)enzoIb]thiophene*3-cart)Oxamjde (5.3 g) 
in dimethyl sulfoxide (50 ml) was added potassium carbonate (4.2 g) and the mixture was stinred at 140''C for 4 hours. 
35 The completion of the reaction was confirmed by tNn layer chromatography. The mixture was cooled to room tempera- 
ture and the reaction mixture was poured into water (300 ml). After neutralization with hydrochloric add, the mixture was 
extracted twice with chlorolbrm and washed with saturated brine. The organic layer was dried over magnesium sulfate 
and the solvent was evaporated under reduced pressure. TTie residue was purified by silica gel column chromatography 
(chloroform) to give l.2.3,44etrahydro-[l]benzothieno[2,3-b]I1.9ienzQxazepin-l2(llH)>one(2.1 g). 

40 

^H-NMR(400MHz. DMSO^is) ^ 7.81(br, 1H). 7.10-7.17{m. 3H). 6.98(d. J=8.3Hz, 1H), 2.75-2.78{m. 2H), 2.58- 
2.61 (m. 2H). 1.73-1 .83(m, 4H). 

Example 75 
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104101 In the same manner as in Example 1 8 and using 2-bronfK>-4.5.67-telrahydro-N-(2-hydrc>xy4-methylphenyl)- 
benzo[b]thiophene-3-carboxamide (5.8 g), dimethyl sultbxide (80 ml) and potassium carbonate (4.7 g), 1,2,3^4-tetrahy- 
dro-8*methyl[1)benzothienop.3'b][1 .5]benzoxazepin-12(1 1 H)-one (1 .87 g) was obtained. 

5 lH-NMR{400MHz, DMSOdg) 6:10.03{s, 1 H). 7.03-6.99{m. 3H). 2.62-2.56(m. 4H). 2.25(s, 3H). 1 .73-1 .67(m. 4H) 

Example 76 
[0411] 



15 




[041 2] In the same manner as in Example 74 and using 2-bromo-4.5.6 J-tGtrahydro-N-(4-f iuoro-2-hydroxyphenyl)- 
benzo[b]thiophene-3-carboxamide. dimethyl sulfoxide and potassium carbonate. 8-fluoro-1,2.3,4-tetrah^o-[1]benzo- 
thleno[2,3-b][1.5]benzoxa2epin-12(11H)-one is obtained. 

25 Example 77 

[0413] 



so 



35 




[0414] 1.2,3.4-Tetrahydro-[1]benzothieno[2.3-bI[1.5]ben2oxazepin-12{11H)-one (1.5 g) and dichlorodicyano-p- 
benzoquinone (2.6 g) was dissolved in benzene (45 ml) and the mixture was stin-ed under reflux with heating for 12 
AO hours. The reaction mixture was evaporated under reduced pressure to remove the solvent, and the residue was added 
to a mixture of chloroform/Water. The organic layer was washed with water and dried over magnesium sulfate. The sol- 
vent was evaporated under reduced pressure and the residue was purified by silica gel column chromatography (cNo- 
roform) to give [1]benzothieno[2.3-b][1,5]benzoxazepin-12(11H)-one (1.25g). 

45 melting point 240-242"C. 

Example 78 

10415] 
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[0416] in the same manner as in Example 77 and using 1 ,2.3.4-tetrahydro-8*methyl-[1]ben2othieno[2»3-b][1 .5]ben- 
zoxazepin-12(11H)*one (1.87 g), dichlorodicyano-p-benzoquinone (3.1 g) and benzene (55 ml). 8-methyl-[1]benzoth- 
ieno[2.3-b][l .5]benzoxazepin-l 2(1 1 H)-one (1 .5 g) was obtained. 

^H.NMR(400MHz. DMSO-de) 6: 10.26(s. 1H). a25(d. J=8.3Hz, 1 H). 7,89{d, J=7.8Hz, 1H). 7.43-7.38(m, 2H), 7.14- 
7.06(m. 2H), 7.10(s, 1H). 2.09(s. 3H) 

Example 79 



[04171 



H P 




[0418] In the same manner as in Exanrple 77 and using 8-fluoro>1.2,3,4*tetrahydro-[1]benzothieno[2.3-b][1.5]ben- 
zoxazepin-12(l1H)-one, dichlorodicyanoi>4)enzoquinone and benzene. 8-fluoro-[1^nzolhienop,3-b][1.^l9enzox- 
25 azepin-12(1 1 H)-one is obtained. 

Example 80 

[0419] 

30 



35 



40 




45 [0420] [1]Benzothieno[2,3-b][1,5]benzoxazepin-12(11H)-one (0 7 g) was suspended in phosphorus oxycNortde (5 
ml) and N.N-dimethylaniline (0. 1 7 ml) was added. The mixture was stirred under reflux with heating for 1 hour. The sol- 
vent was evaporated azeotropically with toluene under reduced pressure, and to the residue was added 1-meth/lpiper- 
azine (10 ml) under ice-cooling, and the mixture was stirred under reflux with heating for 40 minutes. The reaction 
mixture was cooled to room temperature and the solvent was evaporated under reduced pressure. To the residue was 

so added chloroform arxl the mixture was washed with water and saturated brine and dried over magnesium sulfate. The 
solvent was evaporated under reduced pressure and the residue was purified by silica gel column chromatography 
(chlorofbrm methanoblOOil). The obtained oily substance was dissolved in ethyl acetate, and a solution of fumaric 
acid (135 mg) in ethanol was addad. The obtained aystals were recrystallized from ethyl acetate^ethanol to give 12-(4- 
methylpiperazin-1-yl)-[1]benzothieno[2.3-b][1.gbenzoxazepirh1/2fumarate (264 mg). 

55 

melting point 240-242''C. 
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Example 81 
[0421] 



5 



10 




[0422] In the same manner as in Example 80 and using 8-methyl-(1 ]benzotWeno[2.3-b][1 ,5]ben20xa2^in-12{1 1 H)- 
one (1.5 g). phosphorus oxychloride (15.3 ml), N.N-dimethytaniirne (380 mg), 1-methylpiperazine (25 ml] and fumaric 
so acid (176 mg), 8-methy|.l2-{4-melhylpiperazin-1-yO-[1Iben20thienop.3-b]I1,Sl^^ fumarate 1/4 hydrate 

(221 mg) was oblained. 

melting point 140-141 «C (ethanolAwater). 

25 Example 82 

[0423] 



/ 



3S 




40 



[0424] In the same manner as in Example 80 and using 8-fluoro-[1]ben20thierra[2.3-b][1 ,5]ben20xa2epin-12(1 1 H)- 
45 one, phosphorus oxychloride. N.N-dimethylaniline and l-methylpiperazine. 8-fluoro-12-(4-methylpipera2in-1-yl)-[1]ben- 
zothjeno[2.3-b][1,5]benzoxazepine is obtained. 



so 



55 
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Example 83 
[0425] 



10 




[0426] In the same manner as in Example 80 and using 1 ,2.3,4-tetrahydro-[1]ben2othienop.3-b][1 ,5]benzox- 
a2epin-12(11H)-one (0.6 g). phosphorus oxychloride (S ml). N.N-dimethylaniline (0.14 ml), l-methylpiperazine (10 ml) 
20 and fumaric acid (260 mg). 1,2,3,4-tetrahyclro-12-(4-melho^perazin-1-yl)-[1]benzolhie^ 
fumarate (575 mg) was obtained. 

melting point 247-249''C (ethanolAwater). 

25 Example 84 

[0427] 
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40 



[0428] In the same manner as in Exanrple 80 and using 1 .2,3,4-tetrahydro-8-methyl-[1 ]ben20thieno[2,3-bni .gben- 
zoxa2epin-12(11H)-one, phosphorus oxychloride. N.N-dimethylaniline and l-methylpiperazine. 1,2.3.4-tetrahydro-8- 
45 methyl-12-(4Hnethylpiperazin-1-yl)-l1Jbenzothieno[2.3-b][1 .SJbenzoxazepine is obtained. 



so 



55 
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[0430] In the same manner as in Example 80 and using 8-f tuoro-1.2,3,4-te1rahydro-[1]benzothieno[2,3-b][1 .5]ben- 
20 zoxa2epln-l2(11H)-one, phosphorus oxychJoride, N,M-dimethylaniline and 1-methylpiperazine, 8-f luoro-1 ,2,3,4-tet- 
rahydro>12-(4-methylpiperazin-1-yt)-[1]benzothieno|2,3-b][1 .qbenzoxazeptne is obtained. 

Starting RAaterial Synthesis Example 66 



[0432] 2-Aminobenzenethiol (1 . 1 g) was dissolved In N.N-dimethylformamide (25 ml) and 60% sodium hydride (360 
mg) was added. The mixture was stirred at room temperature for 20 minutes. To the mixture was added ethyl 2-bromo- 
4.5.6.7-tetrahydrobenzo[bJthicphene-3-carboxylate (2.6 g). and the mixture was stirred at 140'C for 1.5 hours and 
allowed to coot to room temperature. The reaction mixture was extracted with ethyl acetate (300 ml), washed with water 
40 (200 ml) and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure and the 
obtained crude crystals were washed with isopropyl ether and ffltrated to give ethyl 2-(2-aminobenzenethio)-4,5.6,7-t€t- 
rahydrobenzo|l)]thiophene-3-carbaxylate (1 .4 g). 

^H-NMR(400MHz. CDCI3) 6: 7.50(d. J=7.4Hz. 1H). 7.28(m. 1 H). 6.80(m. 2H), 4.43(br.s. 2H), 4.38(q, J=7.3Hz, 2H). 
45 2.78(m. 2H). 2.52(m, 2H). 1 .73-1 .60(m. 4H). 1 .41 (t. 3H) 



2S [0431] 
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SO 
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Example 86 
[0433] 
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15 [0434] Ethyl 2-(2-aminoberuenethio)-4,5.6J-tetrahydrobenzon5]thiophene-3K»rboxyl^ (1.4 g) was dissolved in 
N,N-dimethy«6rmainlde (20 ml) and 60% sodium hydride (170 mg) was added. The mixture was stinted at 80'C for 1.5 
hours and 1 1 0*C for 45 minutes. The reaction mixture was altowed to cool and poured into water (300 ml), followed by 
acidification with 35% hydrochloric acid. Filtration of precipitated crystals gave 1,2,3.4-tetrahydro[1lbenzolhieno[2,3- 
b][1 .qbenzothiazepin-l 2(1 1 H)-one (1 .3 g). 

20 

^H-NMR{400MH2. CDCI3) 6: 8.54(br.s. 1H). 7,79(d. 1H). 7.64-7.45(m. 3H). 3.27.2.82(m, 4H). 2.36-1,57(m. 4H) 

[0435] Alternatively, in the same manner as in Example 18 and using 2-bromO'4,5,6,7-tetrahydro-N-(2-mercap- 
tophenyl)-ben2oIbJthiophene-3-caitxwamide. dimeilhyl sulfoxide and potassium carbonate. 1 ,2.3.4-tetrahydro[11ben2o- 
25 thieno[2.3-b][1 .5|benzothiazepin-1 2(1 1 H)-one is obtained. 

Examples? 

[0436] 

30 



35 




40 [0437] In the same manner as in Example 18 and using 2-bromo-4.5,6J-tetrahydro-N-(2-mercapto-4-methylphe- 
nyl)-benzo[b]thiophene-3-caiboxamide, dimethyl sulfoxide and potassium carbonate. 1.2,3,4-tetrahydro-8-methyl- 
[l]benzothleno[2.3-b][i .5|benzothiazepin-l2(i 1 H)-one (1 .87 g) is obtained. 

Example 88 

45 

[0438] 



so 




55 

[0439] In the same manner as in Example 74 and using 2-bromo-4,5.6,7-t6trahydro-ISH4^luoro-2-mercaptophe- 



108 
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nyl)-benzo[b]thiophene-3-cart)oxamide, cfimethyl sulfoxide and potassium cartxinate, 8'fluoro-1.2.3,4-tetrahydro- 
[1lben2othienoI2,3-blI1,5lbenzothiazej»n-12(1 1H)-one is obtained. 

Example 89 

5 

[0440] 



10 




[0441] In the same manner as in Example 77 and using 1^,3,4-tetrahydro[1|>enzothieno[2,3-b][1.5]ben20thi- 
azepin-l2(llH)-one (1.2 g), dichtorodicyano-p-benzoquinone (2.1 g) and toluene (20 ml), [1]benzothieno[2.3- 
so b][l ,5|benzothiazepin-l2(1 1 H)-one (500 mg) was obtained. 

^H-NMR{400MH2, DMSO-de) 10.77(br.s. 1H). 8.10(d, J=8.3H2, 1 H). 7.96(d, J=6.4Hz, 1H). 7.56(d, J*8.4H2. 1 H). 
7.42(m, 3H), 7,31(d. J=8.4Hz. 1H). 7.19(dd. J=7.4. 7.8H2. 1H) 

2S Example 90 

[0442] 
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35 




[0443] In the same manner as in Exanple 77 and using 1 .2.3.4-tetrahydro-8-methyl-[1Ibenzothieno[2.3-b][1 .5]ben* 
40 zothiazepin-l2(l 1 H)-one. dichlorodicyano-p-benzoquinone and benzene, 8-methyl-[l|t>enzothieno[2,3-b][l .5]benzothi- 
azepin-l2(l i H)-one Is obtained. 

Example 91 

45 [0444] 



50 




55 

[0445] In the same manner as In Example 77 and using 8-f luoro-1 .2,3.4-tetrahydro-[1 ]benzothieno[2.3-b][1 .Qben- 
zothiazepin-12(1lH)-one, dichlorodicyano-p-benzoquinone and benzene, 8^tuoro-[1Ibenzothieno[2«3-b][l,5P3enzothi- 
azepin- 1 2(1 1 H)-one Is obtained. 
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Example 92 
[0446] 
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[0447] In the same manner as in Example 80 and using [1]ben20thieno[2.3-b][l.5]benzothiazepin-12(11H)-one 
20 (500 mg), phosphorus oxychloride (6.3 g)» N,N-dimethylaniline (109 mg) and 1-methylpiperazine (5 ml). 12-(4-melhyl- 
piperazin-1-yl)-[1]benzothieno[2,3-b][1,5]benzothiazeplne (278 mg) was obtained. 

^H-NMR(400MH2. CDO^) 6: 7.87(d. J=7.8H2, 1H). 7.70(d, J=7.8Hz. 1H). 7.38-7.29(m. 3H), 7.20(cW. J=7.3, 7.8H2. 
1H). 7.07{d. J=8.3H2. 1H). 6.91(dd. J=8.3. 8.5H2. 1H). 4.11-3.84<m. 2H). 3.24-3.06(m, 2H). 2.76(m. 1H). 2.50- 
2S ^30(m. 3H). 2.33(s. 3H). 

Example 93 

[0448] 
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45 [0449] In the same manner as In Example 80 and using 8-methyl-[1JbenzothienoI2,3-b][1.5Ibenzothiazepin- 
l2(llH)-one, phosphorus oxychloride, N.N-dimethylaniline. l-tnethylpiperazlne. 8-melhyl-12-(4-methylpipera2in-1-yl)- 
[1]benzothieno[2.3-b][1.5]benzothiazepine is obtained. 

so 



ss 
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Example 94 
[0450] 
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[0451] In the same manner as in Example 80 and using 8-4iuoro*[1]benzothieno(2.3-b][1,5]benzotHazepin- 
12(11H)-one. phosphorus oxychloride. N.N-dimethylanillne and 1-methylptperazine. 8-fluoro-12-(4-methytp(perazln-1- 
20 yl}-[1 |benzothieno[2,3-b][l .5]benzolhiazepine is obtained. 

Example 95 



[0452] 

25 




[0453] In the same manner as In Exanple 80 and using l,2.3.4-tetrahydro-[l]b6nzothieno[2.3-b][l,5]benzothi- 
40 azepin-12(llH}-one, phosphorus oxychloride. N,N-dimethylaniline and 1-methylpiperazine, 1,2.3.4-tetrahyclrO'l2-(4- 
methylpiperazirv1-yl)-[l]benzothieno[2.3-b][1 »5|benzotruazepine Is obtained. 

Example 96 

45 [0454] 



SO 
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[0455] In the same manner as in Exairple 80 and using 1 .2.3,4-tetrahydro-8-methyl{1^enzothieno[2.3-b][1 ,5]ben- 
zothiazepin'12(11H)H3ne. phosphorus oxychloride. N.N-dimethytaniline and 1-methylpiperaztne, 1.2,3.4-tetrahydro-8- 
methyl-12-(4-metti/lpiperazin-1-ylH1]benzothieno[2.34>][1.5]benzothi^ is obtained. 

5 

Example 97 
[0456] 



/ 



15 




[0457] In the same manner as in Example 80 and using 8^luoro-1,2.3.4-tetrahydro-[1]benzothieno[2.3-bI1,5]ben- 
25 zothiazepin-i2(llH)-one. phosphorus oxychloride. N.N-dimethylaniline and l*methylptperazine. 8-f luoro-1 .2,3,4-tet- 
rahydro-12-(4-methy1piperazin-1•yl)-[1]benzothieno[2.3•b][1.S|benzo^ is obtained. 

Starting Material Synthesis Example 67 

30 [0458] 




40 

[0459] 2-Bromo*5-methyl'3-thiophenecarboxylic add (5 g) was suspended In thionyl chloride (20 ml} and the mix- 
ture was stirred under reflux with heating for 75 minutes. TTiionyl chloride was evaporated under reduced pressure and 
the residue was dissolved in toluene (5 ml). This toluene solution was added dnDpwise to a solution of 2-aminophenol 
(3.7 g) in pyridine (30 ml) at O^'C. The mixture was stirred at room temperature for 6 hours and the solvent was evapo- 
45 rated under reduced pressure. The residue was dissolved in ethyl acetate. This solution was washed with diluted hydro- 
chloric add and saturated aqueous sodium hydrogencart>onate solution and dried over sodium suHate. The solvent was 
evaporated under reduced pressure and to the residue was added diisopropyl ethen The precipitated aystats were col- 
lected by filtration and washed with hexane to give N-(2-hydroxyphenyl)-2-bromo-5-methyl-3-thiophenecarboxamide 
(5.5 g). 

50 

lH-NMR(400MHz. CDCl3)6: 2.45(3H. s, CH3). 6.92(1H.t, ArH). 7.06(1 H.d.ArH). 7.16(3H. m. ArH, H of thiophene 
ring). 8.S3. 8.63(1 H, 1H. br. br. NH, OH) 



55 
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Starting Material Synthesis Example 68 
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15 [0461 ] 2-Bromo-3-thiophenecarboxylic acid (30 g) was suspended in thionyl chloride (35 ml) and the mixture was 
stirred under reflux with heating for 1 hour. Thionyl chloride was evaporated under reduced pressure and the residue 
was dissolved in toluene (10 ml). This toluene solufioin was added dropwise to a solution of 2-aminophenol (19 g) in 
pyridine (100 ml) at 0**C. The mixture was stirred at room temperature for 20 minutes and the solvent was evaporated 
under reduced pressure. The residue was dissolved in ethyl acetate. This solution was washed with diluted hydrochloric 

20 acid and saturated aqueous sodium hydrogencaitx)nate solution, and the precipitated crystals were collected by filtra- 
tion to give N-(2-hydroxyphenyl)-5-bromo^-thiophenecaiboxamide (21 g). ThefOtrate was concentrated and the pre- 
cipitated crystals were collected by filtration to give N-{2-hydroxyph8nyl)-2-bromo-3-thiophenecarboxamide (10 g). 

^H-NMR(400MHz. DMSOdg) 6 6.82(1 H. t. J=7.8Hz, ArH), 6.91 (1H, d. J=8.3Hz. ArH). 7.00(1 H. t. J=7.8Hz. ArH). 
25 7.40(1 H. d, J=5.3Hz. H of thiophene ring). 7.68(1 H. d. J=5.9Hz. H of thiophene ring). 7.81(1H, d, J«7.8Hz. ArH), 
9.30(1H. br. NH or OH). 9.87(1 H. br. NH or OH) 

Starting Material Synthesis Example 69 

30 [0462] 



35 




40 

[0463] 2-Bron»-5-melhyl-3-thlophenecarboxylic add (3 g) was suspended In thionyl chloride (1 5 ml) and the mix- 
ture was stirred under reflux with heating for 40 minutes. TTiionyl chloride was evaporated under reduced pressure and 
the residue was dissolved in toluene (5 ml). This toluene solution was added dropwise to a solution of 2-amino^-fluor- 

45 ophenol (1 .7 g) in pyridine (20 ml) at 0"C. The mixture was stined at room temperature for 1 .5 hours and the solvent 
was evaporated under reduced pressure. To the residue was added water-ethyl acetate. The precipitated crystals were 
collected by filtration to give N-(34luoro-6-hydroxyphenyl)-2-bronfio-5-methyI-3-thiophenecaTboxamide (2.1 g). The fil- 
trate was extracted three times with ethyl acetate and the obtained organic layer was washed with water. The organic 
layer was dried over sodium sulfate and the solvent was evaporated under reduced pressure. To the residue was added 

so ethyl acetate and the precipitated crystals were collected by filtration to give N-(3-fluoro-6-hydroxyphenyl)-2-bromo-5- 
methyl-3-thiophenecarboxamide (1.3 g). melting point 210-212"C. 



55 
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Starting Material Synthesis Example 70 
[0464] 
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[0465] 2-Bronio-4.5<iimethyl-3-thiophenecarboxyfic acid (2.9 g) was suspended in thionyl chloride (15 ml) and the 
15 mixture was stirred under reflux with heating fDr 65 minutes. Thionyl chloride was evaporated under reduced pressure 
and the residue was dissolved in toluene (25 ml). This toluene solution was added dropwise to a solution of 2-ami- 
nophenol (1 .5 g) in pyridine (30 ml) at O^C. The mixture was stirred at room tenrperature for 1 .5 hours and the solvent 
was evaporated under reduced pressure. To the residue was added ethyl acetate and the mixture was washed wHh 
diluted hydrochloric acid, and water and saturated brine. The organic layer was dried over magnesium sulfate and the 
20 solvent was evaporated under reduced pressure. To the residue was added dilsopropyl ether and the precipitated crys- 
tals were collected by filtration to give N-(2-hydroxyphenyl)-2-bromo-4,5-dim6thyt-3-thiophenecarboxamide (3.3 g). 

^H-NMR(400MHz. CD3OD) 52.20(3H. s. CH3). 2.33(3H. s. CHs). 6.90(2H. m. ArH). 7.03(1H. m. ArH). 7.87(1H. m. 
ArH) 

25 

Starting Material Synthesis Example 71 
[0466] 



so 



35 




[0467] 2-Bromo-5-methyl-3-thiophenecart>oxylic add (3 g) was suspended in thionyl chloride (15 ml) and the mix- 
40 ture was stined under reflux with healing for 70 minutes. Thionyl chloride was evaporated under reduced pressure and 
the residue was dissolved in toluene [20 mi). This toluene solution was added cfe'opwise to a solution of 2-amino-5-meth- 
ylphenol (1 .7 g) in pyridine (20 ml) at 0*C. The nvxture was stirred at room temperature for 2 hours and the solvent was 
evaporated under reckiced pressure. Thereto was added diluted hydrochloric acid-ethyl acetate. The precipitated crys- 
tals were collected by filtration to give N-(2-hydroxy-4Hnethylphetiyl)-2-bromo-5-melhyt-3Hhiopheneca (3.3 
45 g). 

meltjng point 210-21 2*'C. 



so 
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Startincf Material Synthesis Example 72 
[0468] 
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15 [0469] 2-Bromo-5-methyl-3-thiophenecarboxylic add (2 g) was suspended in Ihionyl chloride (10 ml) and ttie mix- 
ture was stirred under reflux with heating for 50 minutes. Thionyl chloride was evaporated under reduced pressure and 
the residue was dissolved in toluene (20 ml). This toluene solution was added dropwise to a solution of 2-amino-4-meth* 
yiphenol (1.1 g) in pyridine (20 ml) at 0*C. The mixture was stirred at room temperature for 2.5 hours and the solvent 
was evaporated under reduced pressure. Thereto was added ethyl acetate - diisopropyl ether. The precipitated crystals 

20 were collected by filtration to give N-(24iydroxy-5-methylphenyl)-24>ronw-5-niethyl-3-thiophenecaitx>x (2.6 g). 

melting point ITS-ITS^'C. 
Starting Material Synthesis Example 73 

25 

[0470] 




[0471 ] 2-Bromo-5-methyl-3-thiophenecart)oxylic acid (3.5 g) was suspended in thionyl chloride (1 7 ml) and the mix- 
40 ture was stirred under reflux with heating for 1 hour. Thionyl chloride was evaporated under reduced pressure and the 
residue was dissolved in toluene (20 ml). This toluene solution was added dropwise to a solution of 2-anvno^-chloroph- 
enol (2.3 g) in pyridine (35 ml) at OX. The mixture was stirred at room temperature for 1.5 hours and the solvent was 
evaporated under reduced pressure. To the residue was added ethyl acetate-diisopropyl ether and the precipitated 
crystals were collected by filtration and washed with diluted hydrochloric acid and then diisopropyl ether to give N-(3- 
45 chloro-6-hydroxyphenyl)-2-bromo-5-methyl-3-thiophenecartx>xamide (4.1 g). 

melting point 232-235<>C. 
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Starting Material Synthesis Example 74 
[0472] 
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[0473] 2-6romo-5^ethyl-3*thiophenecarboxylic acid (4.6 g) was suspended in thionyl chloride ( 1 5 ml) and the mix- 
75 ture was stirred under reflux with heating for 35 minutes. Thionyl chloride was evaporated under reduced pressure and 
the residue was dissolved in toluene (20 ml). This toluene solution was added dropwise to a solution of 2-aminO'5^1o- 
rophenol (3.0 g) in pyridine (15 ml) at 0**C. The mixture was stirred at room temperature for 1 hour and poured into 
diluted hydrochloric acid-etl^l acetate. The precipitated crystals were oollecled by filtration to give N-(4-chloro*2- 
hydroxyphenyl)-2-bromo-5-methyl-3-thiophenecartx>xamide (3.4 g). 

20 

^H-NMR(400li4Hz. CD3OD) 5 2.42(3H. s. CH3). 6.87(1 d, J=8.8Hz. ArH). 6.90(1 H. 6. H of thiophene ring). 
7.12(1K &. ArH), 7.84(1H. d. J«8.8Hz. ArtH). 9.23(1 H. br. NH or OH). 10.48(1 H, br. NH orOH) 

Starting Material Synthesis Exanv>le75 

25 

[0474] 



30 




[0475] 2-Bromo-5-methyt-3'thiophenecart)onyl chlaide (2.6 g) prepared in the same manner as above from 2- 
bromo-S-methyl-S-thiophenecarboxylic acid and thionyl chloride, was suspended in toluene (20 ml). This toluene solu- 
40 tion was added dropwise to a solution of 2-amino-5-methoxyphenol (2.0 g) in pyridine (50 ml) at 0°a The mixture was 
stin'ed at room temperature fbr ^5 hours and the solvent was evaporated under reduced pressure. The precipitated 
crystals were collected by fDtration, and washed with diluted hydrochloric add and cfiisopropyl ether to give N-(2- 
hydroxy-4-methoxyphenyl)-2-bromo-5-niiethyl-3-thiophenecarfc)oxamide (2.1 g). 

45 melting point 1 83-1 84''C. 
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Starting Material Synthesis Example 76 
CW76] 



10 




IS [0477] 2-Bromo-5-nnethyl-3-throphenecartx)nyl chloride (2.6 g). prepared in the same manner as above from 2- 
bromo-5-melhyl-3-thiophenecaitx>xyiic acid and thionyl chloride, was suspended rn toluene (20 ml). This toluene solu- 
tion was added dropwrise to a solution of 2-anrttno-3-methylphenol (1 .4 g) in pyridine (30 ml) at 0*C. The mixture was 
stirred at room temperature for 3 hours and diisopropyl ether-ethyl acetate was added. The solvent was evaporated 
under reduced pressure. The precipitated crystals were collected by filtration, and washed with diluted hydrochloric acid 

20 and diisopropyl ether to give N-(2-hydroxy-6-nriethylphenyl)-24)romo-5-m6thyl-3-thtophenec (3.0 g). 

melting point 164-167'C. 
Starting Material Synthesis Example 77 

25 

[0478] 



30 




35 



10479] In the same manner as In Starting Material Synthesis Example 67 and using 2-bromo-5-methyl-3-thiophene- 
carboxylic acid, thionyl chloride and 2-amino-5-fluorophenol, N-(4-fluoro-2-hyclroxyphenyl)-2-bromo-5"methyl-3-thi- 
40 ophenecait)oxamide is obtained. 

Starting IMaterial Synthesis Example 78 

[0480] 

45 



SO 




s$ 

[0481 ] In the same manner as In Starting Material Synthesis Example 67 and using 2-bromo-5-methyl-3-thiophene- 
cart)oxylic acid, thionyl chloride and 2-amino-6-methylphenol. N-{2-hydroxy-3-methylphenyl)-2-bromo-5-methyl-3-thi- 
ophenecartx>xamide is obtained. 
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Starting Material Synthesis Example 79 
[0482] 



5 



10 




15 [0483] In the same manner as in Starting Material Synthesis Example 67 and using 2-bronrK>-5-methyl-3-thiophene- 
carboxylic acid, thtonyl chloride and 2-amino-5-nitrophenoi. N-(2-hydraxy-4-nitrophenyl}-2-bronno-5-methyi-3'thi- 
ophenecartx>xamide is obtained. 

Starting Material Synthesis Example 80 

20 

[0484] 



25 




[0485] In the same manner as in Starting Material Synthesis Example 67 and using 2-bromo-5-m6thyl-3-thiophene* 
cait>oxylic acid, thionyl chloride and 2-amino-4-nltrophenol, N-(2-hydrGKy-S-nitrophenyO-2-biDmo-5-methyl-3-thi- 
35 ophenecartx)xamide is obtained. 

Starting Materia Synthesis Example 81 

[0486] 

40 



45 




SO 



[0487] 2-Bromo-5-methyl-3-thiophenecartx3xylic add (2.52 g) was suspended in thionyl chloride (12 ml), the mix- 
ture was stirred at 60°C for 70 minutes. Thionyl chloride was evaporated under reduced pressure and the residue was 
55 dissolved in toluene (20 ml). This toluene solution was added dropwise to a solution of 2-amino-6-methoxyphenol 
hydrochloride (2.0 g) in pyridine (42 ml) at O'^G The mixture was stirred at room temperature tor 2 hours and the solvent 
was evaporated under reduced pressure. To the residue was added ethyl acetate-diisopropyl ether. The precipitated 
crystals were collected by filtration, and washed with 0.5N hydrochloric acid, diisopropyl ether and hexane to give N-(2- 
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hydroxy-3-m8thcixyphenyl)-2-bronrK)-5-mett^ (3.46 g). melting point 169-172*0. 

^H-NMR(400MH2. CDCy 6 2.41(3H. s. CH3). 3.89(3H. s. CH3). 6.27{1H. s. OH), 668(1H. d, J=8.3Hz, ArH), 
6.86(1H. dd. J=8.3Hz, ArH), 7.09(1H, s, H of thiophene ring). 8.62(1 H, br.s. NH). 
5 MS:m/e342. 

Example 96 

[0488] 



IS 




20 [0489] Toa solution of N-(2-hydroxyphenyl)-2-bromo-5-methyl-3-thiophenecartx>x in dimethyl sulfoxide 

(100 ml) was added potassium cartjonate (13 g). and the mixture was stin'ed at 140*0 for 1.5 hours. The reaction sys- 
tem was cooled to room temperature and the reaction mixture was poured into water (800 ml). After neutralization with 
hydrochloric actd, the mixture was extracted twice with chloroform and washed with water and saturated aqueous 
sodium hydrogencaft»nate solution. The organic layer was dried over sodium sui^e and the solvent was evaporated 

25 under reduced pressure. To the residue was added chloroform and the crystals were collected by filtration to give 2- 
methylthieno[2,3-b][1.5]benzoxazeptn-4(5H)-one (3.3 g), 

^H-NMR(400MHz DMSO-de) 6 2.31(1 H. s. OH3). 6. 72(1 H. s. H of thiophene ring). 7.09-7.23(4H. m. ArH). 
10.12{1H.br,NH) 

Example 99 

[0490] 



40 




45 [0491] To a solution of N-(2-hydroxyphenyl)-2-bromo-3-thiophenecarboxamide (16 g) In dimethyl sulfoxide (160 mi) 
was added potassium carbonate (15 g) and the mixture was stirred at 150-160*0 for 25 minutes. The reaction system 
was cooled to room temperature and the reaction mixJure was poured into water-ethyl acetate. The precipitated crystals 
were collected by filtration and washed with water and dusopropyl ether to give thieno[2,3-b][1 .5]benzoxazepin-4(5H)- 
one (5.3 g). 

so 

^H.NMR(400MHz. DMSO<y 6 7.02(2H, s, H of thiophene ring), 7.12-7.28(4H. m. ArH). 10.20(1H. br, NH) 
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Example 100 
[0492] 



5 



10 




15 [0493] To a solution of N-(3-flLioro-6-hydroxyphenyl)-2-bromo-3-thiophenecarboxamide (3.3 g) in dimethyl sulfoxkile 
(100 ml) was added potassium carbonate (2.8 g) and the mixture was stirred at 140''C for 1 hour. The reaction system 
was cooled to room temperature and the reaction mixture was poured into diluted hydrochloric add under Ice-cooling. 
The precipitated crystals were collected by filtration, dissolved in chloroform, washed with saturated brine, and dried 
over magnesium suffate. The solvent was evaporated under reduced pressure and the residue was purified by silica gel 

20 column chromatography (chloroform:methanol=99. 5:0.5). The solvent was evaporated under reduced pressura To the 
residue was added ethyl acetate and the precipitated crystals were collected by filtration to give 7-f luoro-2-methytth- 
ieno[2,343][1.5]ben20xazepin-4(5H)-one (350 nrig). 

melting point 274-275*0. 

25 

Example 101 
[0494] 



30 



35 




[0495] To a solution of N-(2-hydn3xyphenyt)-24>romo-4.5-dimethyt-3-thtophenecarbQxamide (3.3 g) in dimethyl suN 
40 foxide (50 ml) was added potassium cartwnate (2.8 g) and the mixture was stirred at 160-170''C for 20 minutes. The 
reaction system was cooled to room tenr^serature and the reaction mixture was poured into water-ethyl acetate. TTie 
Insoluble matter was filtrated and the f iltrale was extracted with ethyl acetate, washed with water and dried over mag- 
nesium sulfate. The solvent was evaporated under reduced pressure, and the residue was purified by silica gel column 
chromatography (hexane:ethyl acetateB4:1) to give 2,3-dimethylthieno|2.3-b][1 ,5]benzoxazepin-4(5H)-one (1 .4 g). 

45 

^H-NMR(400MHz, DMSO-de) 52.13(3H, s, CH3), 2.21(3H. s. CH3), 7.11-7.22(4H. m. ArH), 10.17(1H. br, NH) 
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Example 102 
[0496] 



5 



10 




[0497] To a solution of N-(2-hydroxy-4-methylphenyl)-24)rorno-3-thiophenecarbaxamW (3,4 g) in dimethyl sulfox- 
15 ide (30 ml} was added potassium carbonate (2.9 g) and the mixture was stirred at 140-150*0 for 1 hour. The reaction 
system was cooled to room temperature and the reaction mixture was poured into water. The precipitated crystals were 
collected by filtration, washed with water and purified by silica gel column chromatography (chloroform) to give 2. 8- 
dimethyHhieno[2.3-b][l,5Ibenzoxazepln-4<5H)-one (1.2 g). 

so melting point 21 1 -21 S^'C. 

Example 103 

[0498] 



30 




35 [0499] To a solution of N-(2-hydroxy-5-methylpheriyl)-2-bromo-3-thiophenecarbQxamide (2.9 g) in dimethyl sulfox- 
ide (24 ml) was added potassium carbonate (2.4 g) and the mixture was stirred at 140-1 for 2 hours. The reaction 
system was cooled to room temperature and the reaction mixture was poured into ice water. The precipitated crystals 
were collected by filtration. The filtrate was extracted twice with chloroform and the organic layer was dried over sodium 
sulfate. The solvent was evaporated under reduced pressure. The residue and the above-mentioned crystals were com- 

40 bined and purified by silica gel column chromatography (chloroform:methanol=20:l). The obtained solid was collected 
by filtration from hexane to give 2,7-dimethylthleno[2.3-b][l,51benzoxa2epin-4(5H)-one (1 .0 g). 

melting point 175-179'C. 

45 Example 104 

[0500] 



SO 



ss 




[0501] To a solution of N-(3-chloro-6-hydroxyphenyl)-2-bromo-3-thiophenecarboocamide (4.1 g) in dimethyl sulfbx- 
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ide (33 ml) was added potassium carbonate (3.3 g). and the mbrture was stirred at 140-1 SO'^C for 75 minutes. The reac- 
tion system was cooled to room temperature and the reaction mixture was poured Into ice water. The precipitated 
aystals were collected by filtration. The filtrate was extracted twice with chloroform, the organic layer was dried over 
sodium sulfate and the solvent was evaporated under reduced pressure The residue and the above-mentioned crystals 
5 were combined and purified by silica gel column chromatography (chloro16mfi7nethanol=20:1, hexaneiethyl ace- 
tate»1 :1 -ethyl acetate:methanols20:1 ). The obtained solid was collected by filtration from hexane-ethyl acetate to give 
7-chloro-2-methylthieno[2.3-b][l.5]benzoxazepin-4(5H)-one (660 mg). 

melting point 250-253''C. 

10 

Example 105 
[0502] 



75 



20 




[0503] SMar reaction is earned out using N-(4-chloro*2-hydroxyphenyt)-2-bromo-5-methyl-3-thiophenecatboxam' 
25 ide and potassium cait>onate to give 8-chloro-2-methylthienoI2.3-bS1 .qbenzoxazepin-4(5H)-one. 

Example 106 

[0504] 



as 




40 [0505] Similar reaction is canried out using N-(4-f luoro-2-hyclroxyphenyl)-2-bromo-5-methyl-3-thiophenecaiboxam- 
ide and potassium cait>onate to give 8-fluoro-2-m6thylthleno^.3-b][1 ,S]benzQxazepin-4(5H)-one. 

Example 107 

45 [0506] 



so 




55 

[0507] To a solution of N-(2-hydroxy-4-methQxyphenyl)-2-bromo-5-methyl-3-thiophenecartX5xamide (2. 1 g) in dime- 
thyl sulfoxide (17 mQ was added potassium carbonate (1 J g). and the mixture was stirred at US'^C for 2 hours. The 
reaction system was cooled to room temperature and the reaction mixture was poured into ice water. The precipitated 



122 

4SD0CI0 <EP 10ieeB4A1J.> 




EP1016 664A1 

crystals were collected by filtration and the otrtained crystals were purified by silica gel column chromatography (chlo- 
rofonn:methanol»20:0-20:1). The obtained solid was collected by filtration from diisopropyl ether-ethyl acetate-metha- 
nol to give 8-methoxy-2-methytthienoI2.3-b][1,5|benzoxazepin-4(5H)-one (530 mg). 

s 'H-NMR(400MHz. DMS0<l6) ^ 2.31(3H, s, CH3). 3.72(3H. s. OCH3). 6.52(1 H, s» H of thiophene ring). 6.70- 

7.07(2H, m, ArH). 7.28(1 H. 4 ArH), 1 0.25(1 H. br. NH) 

Example 108 

10 [0508] 



15 




[0509] To a solution of N-(2-hydroxy-6-m6thytpheriyf}-2-bromo-5-methyl-3-thiophenecaite (3.0 g) in dime- 
thyl sulfoxide (25 ml) was added potassium carbonate (2.5 g), and the mixture was stirred at 145°C for 2 hours. The 
reaction system was cooled to room temperature and poured into ice water. The precipitated crystals were collected by 
25 filtration and the filtrate was extracted with chloroform, washed twice with water, and dried over sodium sulfate. The sol- 
vent was evaporated under reduced pressure and the residue and the crystals obtained earlier were purified by silica 
gel column chromatography (chioroform:methanol=20:0-20:l). The obtained solid was collected by filtration from diiso- 
propyl ether-hexaneto give 2.6-dimethylthieno[a3-b][1.5Ibenzoxazepin-4(5H)-one (700 mg). 

so melting point 198-200''C. 

Example 109 

[0510] 



40 




45 

[0511] In the same manner as in Example 98 and using N-(2-hydrQxy-3-m6thylphenyl)-2-bromo-5-methyt-3-thi- 
ophenecarboxamide and potassium carbonate. 2. 9<limethyKhieno[2.3-b][1 .5]benzQxazepin-4(5H)-one is obtained. 
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[0512] 



5 



H 



P 



10 




Br 



[051 3] "mierap.S-blll .5Iben2oxa2^in-4(5H)-one (2 g) was suspended in acetic acid (30 ml) and a solution of bro- 
15 mine (1 .5 g) in acetic add (10 ml) was added dropwise over 30 minutes. The mixture was stirred at room temperature 
for 35 minutes and poured into water. The precipitated crystals were collected by filtration and washed with water and 
diisopropyl ether to give 2-bromothieno[2,3'b][1 .5]benzoxazepin-4(5H)*one (2.2 g). 

iH-NMR(400MHz, DMSO-de) 6 7.12-7. 16(3H. m. ArH, H of thiophene ring). 7.20-7.26(2K m. ArH). 10.29(1 H. br, 
20 NH) 

Example 111 

[0514] 



[051 5] 2-Bromothieno[2.3*b][1 .5]benzoxaz^in-4(5H)-one (1 .0 g) was dissolved in 2M sodium cart)onate (8 mO-tol- 
uene (8 ml)-ethanol (8 ml) and phenyl borate (620 mg) and tetrakistriphenylphosphine palladium (390 mg) were added. 
The mixture was stirred under reflux with heating for 80 minutes. The reaction system was cooled to room temperature 
40 and diisopropyl ether and ethyl acetate were added. The predpiiated crystals were collected by filtration and the 
obtained crystals were washed with ethyl acetate and water to give 2-phenylthjeno[2.3-b][1 ,5)benzoxazepln-4(5H)-one 
(830 mg). 

^H-NWIR(400MHz. DMSO-dg) 6 7.18-7.46(8H. m. ArH). 7.65(2H, m. ArH), 10.34(1H, br. NH) 



25 



30 




35 



45 



Example 112 



[0516] 
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(0517] ThiBnol2.3-b][l,5]ben20xa2epin-4(5H)H)ne (5 g) was suspended to 1 ,2-dichloroethane (50 ml) and acetyl 
chloride was added (2.2 g). To this reaction system was added portionwise aluminum chloride (1 5 g) under Ice-cooling 
and the mixture was stin-ed at room temperature lor 10 minutes. The reaction system was poured into ice. Chloroform 
5 was added and the mixture was stin-ed for 15 minutea The precipitated crystals were collected by filtration to give 2- 
acetytthleno[2,34)][1.5]benzoxazepin-4(5H)-one (5.2 g). 

iH-NIVIR(400MHz. CDCI3) 6 2.50(3H. 5. CH3). 6.97(1 H, d, ArH), 7.17-7.20(3H. m. ArH). 7.80(1H. s, H of thiophene 
ring) 

10 

ExainplellS 
[0518] 



IS 



20 




25 [0519] Thieno[2,3-b][1 .5]benzoxazepin.4(5H)-one (1 .5 g) was suspended in 1 .2-dichloroethane (20 ml) and propi- 
onyl chloride (770 mg) was added. To this reaction system was added portionwise aluminum chloride (4.7 g) under ice- 
cooling. Insoluble matter was filtrated, and the filtrate was poured into ice water and chloroftmn was added. The aque- 
ous layer was extracted twice with chloroform and the combined organic layer was dried over sodium sulfate. The sol- 
vent was evaporated under reduced pressure and the precipitated crystals v^e collected by filtration to give 2- 

30 prapionylthieno[2.3-b][1 ,5]benzoxazepin-4(5H)-one (1 .4 g). 

melting point 205-210"^ (decomposition). 
Example 114 
[0520] 




[0521] Thieno[2,3-b][1 ,5]benzoxazepin-4(5H)-one (1 .5 g) was suspended in 1 .2-dichloroethane (20 ml) and butyryl 
chloride (880 mg) was added. To this reaction system was added portionwise aluminium chloride (4.6 g) under ice-cool- 
so ing. The mixture was stirred at room temperature for 45 mnutes. Insoluble matter was filtrated and the filtrate was 
poured into ice w/ater. and chloroform was added. The organic layer was washed with water and dried over sodum sul- 
fate. The solvent was evaporated under reduced pressure and water-ethanol was added. The precipitated crystals were 
collected by filtration. The obtained crystals were washed with chforofornrvditsopropyl ether to give 2-butyrytthieno[2,3- 
b][1 .£f]benzoxazepin-4(5H)-one (1 .2 g). 

55 

^H-NMR(400MHz. DMSO-d^) 6 0.89(3H. t. J=7.3H2. CH3). 1.59(2H. m. CHg). 2.90(2H, t, J«7.3H2. CKfe) 7.14- 
7.31(4H, m. ArH). 7.93(1H. s. H of thiophene ring). 10.41(1H. br. NH) 
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Example 115 



[0522] 



5 




10 



a 



H 



15 



[0523] ThienoI2,3-b][l .5]ben20xa2epin-4(5H)-one (1 .9 g) was suspended in methylene chloride (20 mO and dichlo- 
romethylmethyl ether (4.0 g) was added. To this reaction system was added aluminum chloride (4.6 g) under ice-cooling 
and the mixture was stirred for 15 minutes. The reaction mixture was poured into ice water-chloroform and the mixture 
was stirred at room temperature for 20 minutes. The aqueous layer was extracted 5 times with chloroform and the com- 
20 bined organic layer was dried over sodium sulfate. The solvent was evaporated under reduced pressure and diisopropyl 
ether was added to the residua The precipitated crystals were collected by filtration to give 2-ibrmylthieno[2.3- 
b][1,5]benzQxazepin-4(5H)-one (1^ g). 

^H-NMR(400MH2. DMSO-dg) 67.14-7.33(4H, m, ArH). 8.08(1 H. s. H of thiophene ring). 9.81(1 H. s. HC=0). 
25 10.45(1H,br,NH) 



40 [0S25] 2-Acelylthieno[2,3-b][1 .5]benzoxazepin-4(5H)-one (1 .5 g) was dissolved in trif luoroacetic acid (20 ml) and 
triethylsilane (2 g) was added. The mixture was stined at room temperature fbr 42 hours. The solvent was evaporated 
under reduced pressure and the residue was dissolved In cNorofbrm. The mixture was washed with water and satu- 
rated aqueous sodium hydrogencaifoonate solution, and dried over sodium sulfate. The solvent was evaporated under 
reduced pressure. To the residue were added chloroform and ethyl acetate and the precipitated crystals were collected 

45 by filtration. The obtained crystals were washed with diisopropyl ether to give 2-ethytthieno(2.3-bl[1 .5]benzoxazepin- 
4(5H)-one(1.1g). 

''H.NMR(400MHz. CDCI3) 6 1.26(3H. t. J-7.3Hz, CH3). 2.69(2H. q, JoT.OHz. 16.1Hz. CHg), 6.82(1H. s. H of thi- 
ophene ring), 6.93(1H,d. J=7.8Hz. ArH), 7.10-7.18(3H. m, ArH) 



Example 116 
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Example 117 



[0526] 



£ 




10 



[0527] 2-PropionylthienoI2.3-b]t1,5Iberaoxa2epin-4(5H)-one (1.2 g) was dissolved in trifluoroacetic acid (20 ml) 
IS and trlethylsilane (2 g) was added. The mixture was stirred at rcx>m temperature for 20 hours. The solvent was evapo- 
rated under reduced pressure and the residue was dissolved in chloroform. The mixture was washed with water and 
saturated aqueous sodium hydrogencartwnate solution and dried over sodium sulfate. The solvent was evaporated 
under reduced pressure. To the residue were added chloroform and ethyl acetate and the precipitated crystals were col- 
lected by filtration. The obtained crystals were washed with diisopropyl ether to give 2-propylthienoI2.3-b]I1.5Jben2ox- 
so azepin-4(5H)-one (930 mg). 



^H.NMR(400MHz. CDCI3) 6 0.94(3H, t J=7.3Hz. CH3). 1.61(2H, m. CHg). 2.60(2H. t. Jo73Hz. CHg). 6.79(1H. s. 
H of thiophene ring). 6.91(1 H, d. J=7.3H2, ArH). 7.08-7.15(3H, m, ArH). 7.34(br. NH) 



[0S29] 2-Butyrylthieno[2,3-b][i ,5]benzoxazepin-4(5H)-one (1.1 g) was dissolved in trifluoroacetic add (20 ml) and 
40 triethylsUane (1 .3 g) was added. The mixture was stirred at room temperature for 72 hours. The solvent was evaporated 
under reduced pressure and the residue was dissolved in chloroform. The mixture was washed with water and satu- 
rated aqueous sodium hydrogencarbonate solution and dried over sodium sulfate. The solvent was evaporated under 
reduced pressure. To the residue were added chloroform and ethyl acetate and the precipitated crystals were collected 
by f iltration. The obtained aystals were washed with diisopropyl ether to give 2-butylthienoI2.3-bl[1.qbenroxa2epin- 
45 4(5H)-one (600 mg). 

'H-NMR(400MHz. DMSO-dg) 6 0.87(3H. t. J=7.3H2. CH3), 1.30(2H. m. CHg). 1.52(2H. m. CHg). 2.65(2H. t, 
J=7.8H2. CH2), 6.74(1H. s. H of thiophene ring), 7.1 1-7.23(4H. m, ArH), 10.14(1H, br. NH) 
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75 

[0531] 2-Acetylthleno[2.3-b][1 .5Iben2oxazepin-4(5H)-one (1 .8 g) was suspended in ether (1 5 ml) and 20 equivalent 
amounts of magnesium methyl iodide was added under ice-cooling. The nrnxlure was stirred at room temperature tor 24 
hours. The reaction mixture was poured into 1M hydrochloric acid under ice-cooling and insoluble matter was filtered 
off. The resulting mixture was extracted twice with chloroform. The chloroform layer was dried over sodium sulfate and 

20 the solvent was evaporated under reduced pressure. The residue was suspended in toluene and a catalytic amount of 
p-toluenesulfonic add was added. The mixture was stirred under reflux with heatir^ for 20 minutes. The reaction sys- 
tem was cooled to room temperature and the reaction mixture was washed with saturated aqueous sodium hydrogen- 
carbonate solution. The solvent was evaporated under reduced pressure and diisopropyi ether was added to the 
residue. The precipitated crystals were collected by filtration to give 2-isopropenylthieno[2.3-b][1 .5]benzoxazepin- 

25 4(5H)-one (800 mg). 

^H-NMR(400MH2. DMSOdg) 5 2.04(3H, s. CH3). 5.00(1H, s. olefine). 5.22(1H. s. define). 7.00(1H. s. H of thi- 
ophene ring). 7.14-7.27(4H. m. ArH), 10.25(1 H. br. NH) 

30 Example 120 

[0532] 



35 



40 




45 [0533] 2-lsopropenylthieno[2.3-b][1,5]benzoxa2epin-4(5H)-one (780 mg) was suspended in dioxane (40 ml) and 
10% palladium-activated charcoal (100 mg) was added. Hydrogen was sealed in and the mixture was stin-ed at 40"C. 
50 atm for 7.5 hours. The catalyst was filtered off and the solvent was evaporated under reduced pressure to give 2- 
isopropyltNeno[2.3-b][1.5]benzoxa2e|Mn-4(5H)-one (GOO mg). 

so iH-NMR(400MH2, DMSO^y 6 1.21(6H. d. J=6.8H2. CH3). 3.01(1H. m. CH). 6.75(1H. s. H of thiophene ring). 
7.10-7.23(4H. m. ArH), 10.15(1 H. br. NH) 
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[0535] 2-Formylthieno[2,3-b][1 ,5]benzoxazepin-4(5H)-one (1 .6 g) was suspended in methanol (30 ml) and sodium 
fs borohydride (480 mg) was added. The mixture was stirred at room temperature for 1 .5 hours. The reaction mixture was 
diluted with water and extracted 3 times with chloroform. The organic layer was dried over sodium sulfate and the sol- 
vent was evaporated under reduced pressure. To the residue were added chloroform and diisopropyl ether and the pre- 
cipitated crystals were collected by filtration to give 2-hydroxymethylthieno[2,3-b][1 .5Ibenzoxazepin-4{5H)-one (1 .0 g). 

20 ^H-NMR(400MH2. DMSO-dg) 8 4.47(2H. d. CHg), 5.52(1H. t OH). 6.84(1 H, s, H of thiophene rirg). 7.10-7.23(4H. 
m, ArH). 10.14(1 H. br. NH) 

Example 122 

25 [0536] 



30 




35 

[0537] 2-Hydroxymethylthieno[2.3-b][1.5]benzoxazepin-4(5H)-one (1 .0 g) was dissolved in methylene chloride (10 
ml) and triethylamine (450 mg) and methanesuHonyl chloride (500 mg) were added. The mixture was stirred at room 
temperature for 15 minutes and the solvent was evaporated under reduced pressure. Thereto was added 2M dimethyt- 
amine/methanol and the mixture was stined at room temperature for 14 hours. The solvent was evaporated under 
40 reduced pressure and chloroform was added to the residue. After washing with water, the aqueous layer was extracted 
twice with chlorofbrm. The organic layer was dried over sodium sulfate and the solvent was evaporated under reduced 
pressure. The residue was purified by silica gel column chromatography (ethyl acetate) to give 2-(N,N-dimethylarTO- 
nomethyl)thieno[2,3-b][1,5]benzoxazeptn-4(5H)-one (500 mg). 

45 iH-NMR(400MH2. DMSO-dg) 6 1 .98(6H, s. CH3). 3.46(2H. s. CHg), 6.87(1H. s, H of thiophene ring). 7.12-7.25(4H. 
m. ArH), 10.15(1 H, br. NH) 
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Example 123 
[0538] 



5 



10 




[0539] In the same manner as in Example 98 and using N-(2-hydraxy-4-nitrGphenyl)-2-broniO'5-nriethyl-3-thl- 
15 ophenecarboxamide and potassium carbonate, 2-fnethyl-8-nltrDthieno[2,3-b]{1 .S]b6nzoxa26pin-4(5H)-one is obtained. 

Example 124 

[0540] 

20 



25 




30 [0541] In the same manner as In Example 98 and using N-(2-hydroKy-5-nitrophenyl)-2-bronrK>-5-m6thyl-3-thi- 
ophenecarboxamide and potassium carbonate. 2-methyl-7-nitrothienoI2.3-b][1 .S]benzQxazepin-4(5H)K>ne ts obtained. 

Example 125 

35 [0542] 



40 



45 




50 [0543] 2-Methylthieno[2,3-b][1 ,5]benzoxazepin-4(5H)-one (1 .0 g) was suspended in phosphorus oxychlortde (6.4 
ml) and N.N-dimethylaniline (240 mg) was added. The mixture was stirred under reflux with heating for 1 hour. The sol- 
vent was completely evaporated azeotroplcally with toluene under reduced pressure and 1-methylpiperazlne (25 ml) 
was added to the residue. The mixture was stirred under reflux with heating tor 40 minutes. The reaction system was 
cooled to room temperature and the solvent was evaporated under reduced pressure. To the residue was added chlo- 

55 rofbrm. and the mixture was washed with water and saturated brine and dried over sodium sulfate. The solvent was 
evaporated under reduced pressure and the residue was purified by silica gel column chromatography (chloro- 
form:methanol«100:1). The obtained compound was recrystaDized from diisopropyl ether to give 2-methyl-4-(4-nr)ethyl- 
piperazin-VyOthieno^,3-b][1,5]benzQxazepine (520 mg). 
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melting point 132-133<'C. 
Example 126 
5 [0544] 



10 



IS 




20 [0545] Thieno[2.3-b][1 .5]ben20xa2epin-4(5H)-one (1 .2 g) was suspended In phosphorus oxychloride (8.5 ml) and 
N,N<liniethy1aniline (310 mg) was added. The mixture was stirred under reflux with heating for 1 hour and the solvent 
was completely evaporated azeotropically with toluene under reduced pressure. To the residue was added 1 -methyl- 
pjperazine (25 ml) and the mixture was stirred under reflux with heating for 30 minutes. The reaction system was cooled 
to room temperature and the solvent was evaporated under reduced pressure. To the residue was added chloroform. 

25 and the mixture was washed with water and saturated brine and dried over sodium sulfate. The solvent was evaporated 
under reduced pressure and the residue was purified by silica gel column chromatography (chlorofbrmimetha- 
nol= 1 00:1 .5). The obtained compound was converted to f umarate, which was recrystalli2ed from ethyl acetate-ethanol 
to give 4-(4-methylpiperazin-1-yl)thieno[2.3-bH1.^nzoxazepine fumarate (650 mg). 

30 melting point 200-202*>C. 

Example 127 

[0546] 2-Bromothieno[2,3-b]I1 .qbenzoKazepin<4(5H)-one (800 mg) was 

35 



40 



45 




suspended in phosphorus oxychloride (5 ml) and N.N-dimethylaniline (155 mg) was added. The mixture was stirred 
under reflux with heating for 1 hour and the solvent was completely evaporated azeotropically with toluene under 

so reduced pressure. To the residue was added 1 -methylpiperaane (10 ml) and the mixture was stin'ed at room tempera- 
ture for 30 minutes and then under reflux with healing for 5 minutes. The reaction system was cooled to room temper- 
ature and the solvent was evaporated under reduced pressure. To the residue was added chloroform, and the mixture 
was washed with water and saturated brine and dried over sodium sulfate. The solverrt was evaporated under reduced 
pressure and the residue was purified by silica gel column chromatography (chloroform:m€thanol=100:1). The obtained 

55 compound was recrystallized from diisopropyl ether-ethyl acetate to give 2-bromo-4-(4-methylpipera2in-l-yl)thieno[2,3- 
b][l .Slbenzoxazepine (300 mg). 

melting point 150-15VC. 
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Example 128 
[0547] 



5 



10 



15 




20 [0S48] 2-Acetylthleno[2.3-bI[1 ,5]benzoxa2epin-4(5H)-one (1 .2 g) was suspended in phosphorus oxychloride (7 ml) 
and NpN-dimethylaniline (280 mg) was added. The mixture was stirred under reflux wrth healing Ibr 1.5 hours. Hie sol- 
vent was completely evaporated azeotroptcally with toluene under reduced pressure. To the residue was added 1-meth- 
ylpiperazine (20 ml) and the mixture was stirred at SO^'C tor 15 minutes. The reaction system was cooled to room 
temperature and the solvent was evaporated under reduced pressure. To the residue was added chloroform, and the 

25 mixture was washed with water and saturated brine and dried over sodium sulfate. The solvent was evaporated under 
reduced pressure and the residue was purified by silica gel column chrc^natography (chloroform:methanol= 100:0.5). 
The obtained conpound was recrystalltzed from diisopropyl ether-ethyl acetate to give 2-acetyM-(4-methylpiperazin-1 - 
yl)thieno[2.3-bI[1 .SJbenzoxazepine (80 mg). 

so melting point 1 43-1 44^*0. 

Exanr^tle 129 



35 



40 



45 




SO 

[0550] 2-Phenylthieno[2.3-b][1 .5]benzoxazepin-4(5H)K>ne (1 .2 g) was suspended in phosphorus oxychloride (6.5 
ml) and N.N-dimethylaniline (250 mg) was added The mixture was stirred under reflux with heating for 1 hour. The sol- 
vent was completely evaporated azeotroprcaiiy with toluene under reduced pressure and 1 -methylpiperazine (20 ml) 
was added to the residue. The mixture was stirred under reflux with heating for 1 hour. The reaction system was cooled 
55 to room tenperature and the solvent was evaporated under reduced pressure. Ghtoroform was added to the residue, 
and the mixture was washed with water and saturated brine and dried over sodium sulfate. The solvent was evaporated 
under reduced pressure and the residue was purified by silica gel column chromatography (chlorofbrm:metha- 
nolslOOrl). The obtained compound was recrystallized from ethyl acetate to give 4-(4-m6thytpiperazin-1-yl)-2-phe- 



132 

MSDOCID <EP 1016e84A1_L> 




EP1 016664 A1 

nylthieno(2.3*b][1.5]benzoxazepine (620 mg). 
melting point 163-164«C. 
5 Example 130 
[0551] 



10 



IS 




20 

[0552] 2-Ethylthieno[2,3-b][1.5]benzQxazepin-4(5H)-one (1.1 g) was suspended in phosphorus oxychlorlde (7 ml) 
and N.N-dimethylaniiine (270 mg) was added. The mixture was stirred under reflux with heating for 3 hours and the sol- 
vent was completely evapaated azeotropically with toluene under reduced pressure. To the residue was added 1 -meth- 

2$ ylpiperazine (13 ml) and the mixture was stirred under reflux with heating for 1 hour. The reaction system was cooled 
to room temperature and the solvent was evaporated under reduced pressure. To the residue was added ethyl acetate, 
and the mixture was washed with water and saturated brine and dried over sodium sulfate. The solvent was evaporated 
under reduced pressure and the residue was purified by silica gel column chromatography (chloroformrmietha- 
nol°iOO:l ). The obtained compound was recrystalGzed from ethyl acetate-ethanol as maleate to give 2-ethyl-4-(4-meth- 

30 y(piperazin-1-yl)thteno[2.3-b][1 .^benzcocazepine dimaleate (630 mg). 

melting point 154-156'C. 
Example 131 

35 

[0553] 



40 



45 




SO 

[0554] 2-Propytthieno[2.3-b][1 .5]benzoxazepin-4(5H)-one (910 mg) was suspended in phosphorus oxychlortie (6 
ml) and N.N<limethylaniline (220 mg) was added. The mixture was stin'ed under reflux with heating for 1 hour. The sot- 
vent was completely evaporated azeotropically with toluene under reduced pressure and to the residue was added 1 - 
methylpiperazine (10 ml). The mixture was stirred under reflux witii heating for 40 minutes. The reaction system was 
55 cooled to room temperature and the soh^ was evaporated under reduced pressure To the residue was added ethyl 
acetate, and the mixture was washed with water and saturated brine and dried over sodium sulfate. The solvent was 
evaporated under reduced pressure and the residue was purified by silica gel column chromatography (chtoro- 
form7nethanobl00:1). The obtained compound was recrystall'ized from ethyl acetate-ethanol as maleate to give 4-(4- 
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metfvlpiperazln-1-yl)-2-propylthienoI2,3-b][1,qberttQ^ (550 mg). 

melting point 1 75-1 77"C. 
5 Example 132 
[0555] 



70 



75 




[0556] 2-lsopropylthieno[2.3^>]I1 .5Ibenzoxazepin-4{5H)one (550 mg) was suspended in phosphorus oxychloride 
(3 ml) and N.N-dimelhylaniline (120 mg) was added. The mixture was stinted under reflux wHh heating for 50 minutes. 

2S The solvent was completely evaporated azeotropically with toluene under reduced pressure and to the residue was 
added l-methylpiperazine (6 ml). The mixture was stirred under reflux with heating for 50 minutes. The reaction system 
was cooled to room temperature and the solvent was evaporated under reduced pressure. To the residue was added 
ethyl acetate, and the mixture was washed with water and saturated brine and dried over sodium sulfate. The solvent 
was evaporated under reduced pressure and the residue was purified by silica gel column chromatography (chloro- 

30 form). The obtained conpound was recrystallized from ethyl acetate-elhanol as maleate to give 2-isopropyl-4-(4-meth- 
ylpiperazin-1-yl)thieno[2,3-b][1.qbenzaxazepine dimaleate (280 mg). 

melting point 1 70-1 72*C. 

35 Example 133 

[0557] 



40 



4$ 




SO 

[0558] 2-Butylthieno[2.3-bl(1,5Jbenzoxa2epin-4(5H)-one (580 mg) was suspended in phosphorus oxychloride (4 
ml) and N,N-dlmethylaniline (130 mg) was added The mixture was stirred under reflux with heating for 1 hour. The sol- 
vent was completely evaporated azeotropically with toluene under reduced pressure and to the residue was added 1- 
55 methytpiperazine (6 ml). The mixture was stiaed under reflux with heating for 2 hours. The reaction system was cooled 
to room temperature and the solvent was evaporated under reduced pressure. To the residue was added chloroform, 
and the mixture was washed with water and saturated brine and dried over sodium sulfate. The solvent was evaporated 
under reduced pressure and the residue was purified by silica gel column chromatography (chloroform:metha- 



134 

JSDOCID <EP 10166B4A1J.> 




EP1016 664A1 

nol=100:1). The obtained compound was recrystallized from ethy! acetate-ethanot as fumarate to give 2-butyl-4-(4- 
methylpiperazin-1-yl)thieno[2,3-b][1.5]benzoxazepine fumarate (320 mg). 

melting point 202-204<'C. 

5 

Example 134 
[0559] 



10 



IS 




20 



[0560] 2-(N,N-Dimethytaminomethyt)thieno[2.3-b][1.5]benzoxazepin-4(5H)-one (500 mg) was suspended In phos- 
phorus oxycHoride (3 ml) and N.N-dimethylaniline (1 10 mg) was added. The mixture was stirred under reflux with heat- 

25 Ing for 1 hour. The solvent was completely evaporated azeotropically with toluene under reduced pressure and to the 
residue was added 1 -melhytpiperazine (6 ml). The mixture was stirred under reflux with heating for 1 hour. The reaction 
system was cooled to room temperature and the solvent was evaporated under reduced pressure To the residue was 
added chloroform, and the mixture was washed with water and saturated brine and dried over sodium suHate. The sol- 
vent was evaporated under reduced pressure and the residue was purified by silica gel column chromatography (chlo- 

30 roform:methanol=100:1). The olrtained compound was recryslalfized from ethyl acetate-ethanol as fumarate to give 2- 
(N,N<limethylaminomefhyl)-4-(4-methylpiperazin-1-yl)thieno[2.3-b][1.51be 1/2 fumarate 1/5 hydrate (71 

melting point 188-189^0. 

35 

Example 135 

10561] 
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SO 




[0562] 2-Methyfthieno[2.3-bI[1.5Iben20xazepin-4(5H)-one (800 mg) was suspended in phosphorus oxychloride (5 
55 ml) and N.N-dimethylaniline (218 mg) was added. The mixtue was stirred under reflux with heating for 1 hour. The sol- 
vent was completely evaporated azeotropically with toluene under reduced pressure and to the residue was added 1 - 
methylhomopiperazine (10 ml). The mixture was stirred at 150<'C for 1 hour. The reaction system was cooled to room 
temperature and chloroform was added The mixture was washed with water and saturated brine and dried over sodium 
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suffate. The solvent was evaporated under reduced pressure arxJ the residue was purified by silica gel column chroma- 
tography (chloroform). The obtained oorppound was recrystailized from acetonitrile as hydrochloride to give 2-methyl- 
4-(4-methylhornoplperazin-1-yI)thienop,3-b][1.5Jben2oxa2eplne hydrochloride 3/4 hydrate (270 mg). 

5 melting point 243-245*'C. 
Example 136 
[0563] 

10 



15 



SO 




25 [0564J 2-MethylthienoI2.3-b]I1 .5]benzoxazepin-4(5H)-one (600 mg) was suspended in phosphorus oxychloride (4 
ml) and N.N-dimethylaniline (1 60 mg) was added. The mixture was stirred under reflux with heating for 30 minutes. The 
solvent was completely evaporated azeotropicaliy with toluene under reduced pressure and to the residue was added 
toluene (10 ml) and 1-[2-(2-hydroxyethoxy)ethyIlpiperazine (2,5 mi). The mixture was stirred under reflux with heating 
for 1 hour. Ibe reaction system was cooled to room temperature and chloroform was added. The mixture was washed 

30 with water and saturated brine and dried over sodium sulfate. The solvent was evaporated under reduced pressure and 
the residue was purified by silica gel column chromatography (chloroform:methanol=100:1). The obtained compound 
was recrystailized from hexane-ethyl acetate to give 4-[4-{2K24iydroxyeth9xy)ethyOpiperazin-1-yQ-2-melhylthienoI2.3- 
b][1 ,5]benzoxazefMne (350 mg). 

35 mefting point 11 1-1 12»C. 

Example 137 

[056g 
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SO 




[0566] 7-Fluoro-2-methylthieno[2.3-b][l .gbenzoxazepin-4(5H)-one (500 mg) was suspended in phosphorus oxy- 
55 chloride (5 ml) and N.N<limethylaniline (240 mg) was added. The mixture was stirred under reflux with heating for 1 .5 
hours. The solvent was completely evaporated azeotropicaliy with toluene under reduced pressure and to the residue 
was added 1 -methylpiperazine (6 ml). The mixture was stirred under reflux with heating for 1 hour. The reaction system 
was cooled to room temperature and ethyl acetate was added. The mixture was washed with water and saturated brine 
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and dried over magnesium suffate. The solvent was evaporated under reduced pressure and the residue was purified 
by silica gel column chromatography (chloroform:methanol=100:l). The obtained compound was recrystallized from 
ethyl acetate-ethanol as maleic ackJ to give 7-ftuoro-2-mefhyl4-(4-methylpiperazin-1-yl)thierio[2.3-b][1,5Ibenzox- 
azepine dimaleate (450 mg). 

5 

melting point 137-139''C. 
Example 138 
10 [0567] 



15 



SO 




25 [0568] 2.8-Dimethylthieno[2.3-b][1 .5IbBn20xazepin-4(5H)-one (1 g) was suspended in phosphorus oxychloride (6 
ml) and N.N-dimethylaniline (220 mg) was added. The mixture was stirred under reflux with heating for 2.5 hours. The 
solvent was conrpletely evaporated azeotmpically with toluene under reduced pressure and to the residue was added 
1-methytpiperazine (14 ml). The mixture was stirred under reflux with heating for 2.5 hours and the solvent was evapo- 
rated under reduced pressure. The residue was purified by silica gel column chromatography (chioroformrmetha- 

30 nols100:1-20:1) and the obtained compound was recrystallized from diisopropyl ether-hexane to give 2.8-dimethyl-4- 
(4-methyipiperazin-1-y1)thienoI2,3-b][1.5]benzoxazepine (310 mg). 

melting point 149-150''C. 

35 Example 139 

[0569] 
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[0570] 2, 7-Dimethytthieno[2.3-b][1 .5]benzoxazepin-4(5H)-one (1 g) was suspended in phosphoms oxychloride (6 
ml) and N.N-dimelhylaniline (220 mg) was added. The mixture was stirred under reflux with heating for 2 hours. The 
solvent was completely evaporated azeotropically with toluene under reduced pressure and to the residue was added 
55 1 -methylpiperazine (14 ml). The mixture was stirred under reflux with heating for 3.5 hours. The solvent was evaporated 
under reduced pressure and the residue was purified by silica gel column chromatography (chloroform:methanol=50:1 - 
20:1) and the obtained compound was recrystallized from disopropyi ether-hexane to give 2.7-dimethyl-4-(4-methyl- 
piperazin-1-yl)thteno[2.3-b][1.51benzQxazepine (330 mg). 



SOOCtD. <EP 1016684A1 J. 



137 




EP 1016 664 A1 

melting point 146-148*'C. 
Example 140 
5 [0571] 



10 



15 




(0572] 2-Methyrthieno{2.3-b][1.5]benzoxa2epin-4(5H)-one (1.2 g) was suspended in phosphorus oxychloride (8 
20 ml). N.N-Dimethylaniline (280 mg) was added and the mixture was ref luxed under heating for 3 hours. The solvent was 
completely evaporated azeotropicaily with toluene under reduced pressure. To the residue was added 1-(2-hydroxye- 
thyi)piperazlne (15 ml) and the mixture was stirred at 140-1 50*C for 2 hours. The reaction mixture was purified by silica 
gel column chromatography (chlorol6rm:methanol=50:1 , ethyl acetate). The obtained compound was further recrystal- 
lized from ethyl acetate — hexane to give 4-I4-(2-hydroxyethyl)pipera2in-1 -yll-2-melhylthieno(2.3-b][1 .5]ben2axazepine 
25 (210 mg). 

melting point 87-89'C 

Example 141 

30 

[05731 7-Chloro-2-melhylthieno{2.3-b][l .5Ibenzoxa2epin-4(5H)-one (660 mg) was 




45 suspended In phosphorus oxychloride (4 ml). N.N-Dimethylaniline (130 mg) was added and the mixture was stirred 
under reflux with stirring for 4.5 hours. The solvent was completely evaporated azeotropically with toluene under 
reduced pressure. To the residue was added 1-melhylpiperazine (10 ml) and the mixture was stirred under reflux with 
stirring for 2 hours. The solvent was evaporated under reduced pressure and the residue was purified by silica gel col- 
umn chromatography (chlorof6mi:methanol=20:1). The obtained compound was converted to fumarate. which was 

so recrystaDized from ethyl acetate — methanol to give 7-chloro-2.methyl-4.-(4-methylpiperazin.1 -yl)thienor2 3-biri Slben- 
zoxazepine fumarate (250 mg). 

melting point 227-228<'a 
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Example 142 
[0574] 
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[0575] 8-Methoxy-2-methylthieno[2.3-bl[1 .51ben20xazepin-4(5H)-one (530 mg) was suspended in phosphorus oxy- 
chloride (3 mO> N.N^Dimethyianiline (120 mg) was added and the mixture was stirred under reflux with heating for 1 .5 
hours. The solvent was completely evaporated azeotropically with toluene under reduced pressure, and to the residue 
was added 1-methylpjperazine (9 ml). The mixture was stirred under reflux with heating for 2 hours. The sotvent was 
evaporated under reduced pressure and the residue was purified by silica gel column chromatography (chloro- 
fbrmmethanolsSOil). The obtained compound was converted to fumarate, which was recrystaDized from ethyl acetate 
— hexane — methanol to give 8-melhoxy-2-methyl-4-(4-methylpiperazin-1-yl)thieno[2.3-b][1,5Iben2oxazepine fuma- 
rate (330 mg). 

melting point 21 9-222*^0 deoonposition. 

Example 143 

[0576] 
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[0577] 2, 6-Dimethylthieno[2.3-b][l.5]benzoxazepin-4(5H)-one (060 mg) was suspended in phosphorus oxycNo- 
ride (5 ml). N.N-Dimethytaniline (1 90 mg) was added and the nruxture was stiired under r^lux with heating for 1 .5 hours. 
The solvent was completely evaporated azeotropically with toluene under reduced pressure* and to the residue was 
added 1*methylpiperazine (14 ml). The nocture was stinted under reflux with heating for 1.5 hours. The solvent was 
evaporated under reduced pressure and the residue was purified by siGca gel column chromatography (chloro- 
form7nethanoi=50:1 -20:1). The obtained compound was recrystallized from hexane to give 2. 6-dimethyl-4-(4-methyt- 
piperazin-1-yl)thieno(2»3-b][1.3benzoxazepine (490 mg). 

melting point 1 14-1 17°C. 
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[05791 2,3-DlmethylthienoI2.3-to]I1 .5Ibenzoxazepln-4(5H)-one {1 .4 g) was suspended in phosphorus oxychloride 
(14 ml). N,N-Dimethylaniline (340 mg) was added and the mixture was stirred under reflux with heating for 2.5 hours. 

so The solvent was completely evaporated azeotropically with toluene under reduced pressure, and to the residue was 
added 1-methylprperazine (20 ml). The mixture was stirred under reflux with heating for 1 hour. The reaction system 
was cooled to room temperature. Ethyl acetate was added, and the mixture was washed with water and saturated brine 
and dried over sodium sulfate. The solvent was evaporated under reduced pressure and the residue was purified by sil- 
ica gel column chromatography (chlorof6rmmthanol=9:1}. The obtained compound was converted to fumarate, which 

25 was recrystallized from ethanol to give 2,3KJimethyl-4.(4-methylpiperazin-1-yl)thieno[2.3*][1.qbenzoxa2epine 1/2 
fumarate. 

^H-NMR(400MHz. DMSOdg) 6 2.03{3H, s. CH3). 2,21(3H. s, CH3). 2.26{3H. s. CH3). 2.35-3.80(8H. br. CH2). 
6.61(1H, fumaric add), 6.97-7.1 1(4H. m. ArH) 

30 

Example 145 
[0580] 
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[0581] In the same manner as in Example 125 and using 2. 9-dimethytthieno[2.3-b][1 ,qbenzQxazepin-4(5H)-one. 
phosphorus oxychloride, N.N<ilmethylaniline and 1-methylpiperazine, 2, 9-dimetfyl-4-{4-methy|pipera2in-1- 
50 yl)thieno[2.3-bI1 ,5]benzoxazepine is obtained. 
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Example 146 



s 



/ 



a 




/5 



[0583] In the same manner as in Example 125 and using 8'ChlorO'2-methylthieno[2,3-bni ,5Ibenzoxazepin-4(5H)- 
one, phosphorus oxychloride, N.N-dimethytaniline and l-methytpiperazine. 8-chloro-2-niethyl-4-(4-methylpiperazin-1- 
20 yl)thieno[2,3-b]I1 ,5]benzoxazepine is obtained. 

Example 147 

[0584] 



[0585] In the same manner as in Example 125 and using 8-fluoro-2-melhytthienoI2,3-b]Il.5]bena5xaz^in-4(5H)- 
40 one. phosphorus oxychloride. N.N-dimethylaniline and 1-methylplperazine, 6-fluoro-2-methyl-4-(4-methylpjperazin-1- 
yl}thlenoI2,3-b][l,5]benzoxazepine is obtained. 

Example 148 
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[0587] In the same manner as in Example 125 and using 2-methyl-8-nitrothieno[2,3-b][1,51ben2oxa2€pin-4{5H)- 
one, phosphorus oxychlorlde, N.N-Cfimethylaniline and l-methylpiperazine, 2-methyl-4-(4-methyIpipeifa2in-1-yl)-8- 
nitrothieno[2.3'b][1 .^benzoxazepine is obtained. 

Example 149 
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[0589] In the same manner as in Exanrpie 125 and using 2-methyl>7-nitrothieno[2.3-b][1.5]benzoxazepin-4(5H)- 
one. phosphorus oxychloride. N.N-dimethylaniline and 1-methylpiperazine. 2-methyl-4-(4-methylpipera2in.1-yl)-7- 
25 nitrothieno[2,3-b][1 .5]benzoxazepine is obtained. 

Example 150 

[0^1 



35 




[0591] A solution of N-(2-hydroxy-3-methaxyphenyl)-2-bromo-5-methyl-3-!hiophenecarboxamide (2.30 g) and 
sodium methoxide (549 mg) in N.N-dimelhylformamide (12 ml) was stirred under reflux with heating for 19 hours. The 
reaction system was cooled to room temperature, and the reaction mixture was poured into water (50 ml). The mixture 
45 was neutralized with hydrochloric acid, extracted twice with chloroform and washed with water. The organic layer was 
dried over sodium sulfate and the solvent was evaporated under reduced pressure. The residue was purified by silica 
gel column chromatography (elution solvent hexane:ethyl acelate=l:1) to give 2-methyl-9-methoxythienoI2,3- 
b][1 ,gbenzoxazepin-4(5H)one (1-87 g). 

so melting point 160-164»C. 

^H-NMR(400MH2. DMSOdg) 8 2.31(3H. s. CH3). 3.81 (3H. s. CH3). 6.71(1H. s. H of thiophene ring). 6.72(1H. d, 
J=8.3H2. ArH). 6.86(1H. d. J=8.3Hz, ArH). 7.10(1H dd. J=8.3. S.SHz). 10.09(1H. br.s. NH). 
MSimiB 261 
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Example 151 
[0592] 
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20 [0593] 2-Methyl-9-methoxythieno[2.3-b][1 .5]benzoxazeprn-4{5H)K)ne (1 .58 g) was suspended in phosphorus oxy- 
chloride (13 ml). N.N-Dimethytaniline (330 mg) was added and the mixture was stirred under reflux with heating for 2 
hours. The solvent was ooinpletely evaporated azeotropically with toluene under reduced pressure. To the residue was 
added 1 -methylpiperazine (20 ml) and the mixture was stirred under reflux with heating for 3 hours. The reaction system 
was cooled to room temperature and the solvent was evaporated under reduced pressure. To the residue was added 

25 chloroform and the mixture was washed with water and saturated brine and dried over sodium sulfate. The solvent was 
evaporated under reduced pressure and the residue was purified by silica gel column chromatography (chloro- 
formjnethanoklOOit) to give 2-methyl-9-m^hoxy-4-(4-methylpiperazin-1-yl)thieno[2,3-b][1,5Ibenzoxazepine (1.90 g) 
as a liquid. The obtained liquid (350 mg) and fumaric acid (77 mg) were dissolved in methanol (20 ml) and the solvent 
was evaporated under reduced pressure. The obtained residue was washed with hot ethyl acetate to give 2-methyl-9- 

30 methQxy-4-(4-methytpjperazin-1 -yl)thieno[2.3-b][1 .5]benzoxazepine • fumarate (240 mg). 

melting point 239-241 *C. 

'H-NMR(400MH2. DMSO-dg) 5 2.28(3 H. S. CH3). 2.33(3H. S, CH3). 2.50-4.50(8H, br.s. CH2X4). 3.78(3H, s. CH3). 
6.51 (1H. s. H of thiophene ring). 6.58(1 H. d. J»7.8Hz, ArH). 6.60(2H. fumaric acid). 6.74(1 H. d. J«8.3 Hz. ArH), 
3S 6.98(1 H. dd. J=7.8H2. 8.3H2. ArH). 
MS:m/e 343. 

Anal. Calcd- for C18H21N3O2S • C4H4O4 • O.2H2O: C. 57.06: H. 5.53; N, 9.07%. 
Found:C. 57.06;H. 5.51 ;N. 9.08%. 

40 Example 152 
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[0595] 2-Methylthieno[2.3-b]|1 .5P)enzoxazepine-4-one (370 mg) was dissolved in phosphorus oxychloride (7.3 g) 
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and N.N-dimethylaniline (73 mg) was added. The mixture was stirred under reflux with heating for 40 minutes. The 
phosphorus oxychloride was completely evaporated azeotropically with toluene under reduced pressure. The residue 
was dissolved in toluene and the mixture was washed twice with saturated aqueous sodium hydrogencarbonate solu- 
tion. The organic layer was dried over sodium sulfate and the solvent was evaporated under reduced pressure. The res- 

5 idue was dissolved in acetonitrile (10 ml) and thereto were added 8-methyl-3. 8<iiazablcyclo[3.2.1]octane 2 
hydrochloride (240 mg) and diisopropylethylamine (470 mg). The mixture was stirred under reflux with heating for 4.5 
hours. 8-Methy|.3.8-3.8Kliazabicyclo[3.2.1]ociane 2 hydrochloride (240 mg) and diisopropylethylamine (470 mg) were 
added and 12 hours later, 8-methyl-3.8-3.8-diazabicyclo[3.2.l]octane 2 hydrochloride (240 mg) and diisopropylethyl- 
amine (470 mg) were added. The mixture was stirred for 6 hours. The reaction system was aUowed to become room 

10 temperature and the solvent was evaporated under reduced pressure. The residue was diluted with ethyl acetate and 
washed three times with water. The organic layer was dried over sodium sulfate and the solvent was evaporated under 
reduced pressure. The residue was purified by silica get column chromatography, and the obtained compound was 
recrystallized from diisopropyl ether to give 2-mettiyl-4^8-m8thyl-3.8<fia2abicyclo(35.11oclan-3-yl)tWenop2.3- 
b][1 .SJbenzoxazepine (300 mg). 

15 

melting point:1 56-1 SS'C. 

^H.NMR(400MHz. ODCk)b 1.80(2H. m). 2.01(2H. m). 2.33(3H. s), 2.35(3H. s). 3.17(4H. m). 4.00(2H. m). 6.29(1H. 
S). 6.95-7.08(4H. m). f y » 

20 Example 153 

[0S96] 
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[0597] Potassium tert-butoxide (718 mg) was suspended in 1,2-dlmethoxyethane (35 mi) and the mixture was 
35 relluxed under heating. Thereto was added dropwise ethyl 2.(2-aminoanillno)benzoIb!thiophene-3-carboxylate (1 .0 g) 
dissolved in 1.2<fimethoxyethane (35 ml) over 15 minutes. After 30 minutes, potassium tert-butoxide (359 mg) was 
added and the mixture was ref luxed under heating for 1 hour After the completion of the reaction, the reaction mixture 
was allowed to cool to room temperature and poured into 0.5N hydrochloric add. The mixed solution was extracted 3 
times with chloroform, and washed with water and dried over magnesium sulfate. The solutfon was filtered and the sd- 
40 vent was evaporated under reduced pressure. The precipitated crude crystals were washed with ethyl acetate and 
diisopropyl ether to give 6H-[l]benzolhteno[2,3'b][1 .51ben2odia2epin-l2(i i H)-one (300 mg). 

^H-NMR(400MH2. CDCI3) 6 7.10-7.18(3H. m), 7.36-7.44(2H. m). 7.51(1H. d, J=r8.8Hz). 7.68(1H. s) 7 88(1H 
d*7.8Hz).7.97(1H,do7.8Hz). 11.47(1H.br.s). --i . 

45 
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[0599] tn the same manner as in Example 153 and using potassium tert-butoxide and ethyl 2-(2'aniinoanilino)*5- 
f luorobenzo[b]thiophene-3-cartx»ytate. 8-f lLioro-6H-[1]benzothieno[2.3-b][1 .5|benzodiazepin-12(1 1 H)-one was 
obtained. 

5 

melting point249-250''C. 
MS:m/e=284. 

^H-NMR(270MHz, CDCI3) 6 11.54(1H. bfS). 7.97-8.00(1 H. m), 7.88-7.92(1H, m). 7.73(1H. s), 7.36-7.47(3K m). 
7.10-7.18(1H. m). 6.96-7.04{1H. m). 

10 

Fdrmulatlon Example 1 

[0500] Of the compounds of the present invention, a compound (50 mg) of the formula (I) is thoroughly Kneaded 
with lactose (98 mg), corn starch (45 mg) and hydroxypropylcellulose (3 mg) in a kneader. The Kneaded product is 
IS passed through a 200'mesh sieve, dried at 50''C and passes through a 24-mesh sieve. TTie product is admixed with talc 
(3 mg) and magnesium stearale (1 mg) and tablets wei^ng 200 mg are obtained using a pounder having a diameter 
of 9 mm. The obtained tablets can be sugar coated or film coated as necessary. 

Experimental Example 1 : Effects against MK-801 -induced neurotoxicity 

so 

[0501] Female SO rats (about 9-12 weeks old) were orally administered with the inventive compounds or vehicle 
(0.5% hydroxypropylmethylcellulose. 2 ml/kg). One hour later, they were subcutaneously administered with MK-801 
(0.5 mg/kg. 1 mi/kg) dissolved in distilled water Four hours after the MK-801 administration, the rats were anesthetized 
with pentobarbital and deblooded with saline, which was fblkswed by perfusion/fixing of brain with formalin solution. 
25 Their brains were removed quickly after decapitation, and postfixed in the same formalin solution. The brains were 
embedded in paraffin and cut into coronal sections through posterior cingulate cortex. The brain sections were stained 
with hematoxyiin/eosin (HE). The number of vacuolized cells was counted by fight miaosoopy and calculated in % of 
the vehicle-treated group. 

[0602] The inhibitory actions against the MK-801-induced neurotoxicity are to be detemiined by the potentials to 
30 prevent the nerve cell vacuolar reaction by the adnrnnistration of MK-801 . which is expressed as % of the vehicle-treated 
group. As a result of the test. It was indicated that the compounds of the fomuila (I) of the present inventnn suppressed 
the MK-801-induced neurotoxicity, wherein 50% effective amount to inhibit MK-801 -induced neurotoxicity was not more 
than 10 mg^g. 

35 Experimental Example 2: Inhibitory action against methamphetamine-induced hyperactivity 

[0603] Groups of 1 5 nnale ddY mice (20-30 9, 4 weeks okJ) were used. They were orally administered with the test 
compounds. One hour later, methamphetamine in saline at 1 mg/kg was sut>cutaneously administered and the mice 
were immediately placed in the test box (inside size: 25x1 5x1 4 (height) cm) each fitted with a pair of infra-red beams. 
40 Interruptions of the infra-red beams were counted over a 30 min period, from 1 0 to 40 min after the Initiation of obser- 
vation, and were used as an index of methamphetamine-induced hyperactivity. ED50 values of the test compounds to 
suppress the hyperactivity were calculated. As a result of the test it was indicated that the compounds of the formula 
(I) of this invention suppressed methamphetamine-induced hyperactivity, wherein 50% effective amount to suppress 
methanrphetamine-induced hyperactivity was not more than 10 mg/kg. 

45 

Experimental Example 3: Cbzapine-cued discrimination test 

[0804] Following reduction, by limiting the diet, to 80% of the body weight under free access to diet the rats were 
placed in a Skinner box equipped with two levers. Therein, they were trained to consecutively press 10 times either the 

so right or left lever for feed pellet reward reinforcement Subsequently, they were injected intraperitoneally with clozapine 
or saline in a rarxJom-aKernation sequence once (one session) each day, wherein the drug or saline administration was 
not given for more than 3 consecutive days. When clozapine was administered at 5 mg/kg. one of the levers was paired 
with the reward and when saline was administered, the other lever was paired with the reward, whereby the rats were 
made to acquire discrimination ability. After the acquisition of the discrimination ability, the compound of the present 

55 invention was administered to confirm generalizatkvi against clozapine. As a result of the test it was indicated that the 
confounds of the formula (I) of this invention generalized to the clozapine disaimination stimulus. 
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Experimental Example 4: MK-801-cued discrimination test 

[0605] Following reduction, by limiting the diet, to 80% of the body weight under free access to diet, the rats were 
placed in a Skinner box equipped with two levers. Therein, they were trained to consecutively press 10 times either the 
rislht or left lever for feed pellet reward reinforcement. Subsequently, they were injected intraperrtoneally with MK-801 or 
saline in a random-ahernation sequence once (one session) each day. wherein the drug or saline administratfon was 
not given for more than 3 consecutive days. When MK-801 was administered at 0. 1 mg/kg, one of the levers was paired 
with the reward and when saline was administered, the other lever was paired with the reward, whereby the rats were 
made to acquire discrimination ability. After the acquisition of the discrimination ability, the cornpound of the present 
invention was administered to confimri antagonism against MK-Wl discrimination. As a result of the test ft was indi- 
cated that the compounds of the formula (0 of this invention had antagonistic activity against the effect of MK-801 dis- 
crimination stimulus. 

Experimental Example 5: Anti-apomorphine action 

[0606] Groups of 1 5 male ddY mice (20-30 g, 4 weeks old) were used. They were oraHy administered with the com- 
pounds of the present invention. One hour later, an aqueous solution of apomorphine in ascorbic acid at 0.5 mg/kg was 
subcutaneously administered and the mice were immediately placed in the test box (inner size: 25x15x14 (height) cm) 
each fitted with a pair of infra-red beams. Intenruptions of the infrared beams immediately after the initiation of observa- 
tion to 30 min lat©- were used as an index of apomorphine-induced hyperactivity. The compounds of the fbrmula (0 of 
this invention suppressed apomorphine-induced hyperactivity, wherein 50% effective amount to suppress apomor- 
phine-induced hyperactivfty was not more than 10 mg/kg. 

Experimental Example 6: Conditioned avoidance response inNbitory action 

{0607] Male Wistar rats (250-400 g. 1 4-25 weeks old) were placed in the test box (30x30x35 (height) cm) fitted with 
a pole (diameter 2.5 cm) in its center and grid on the floor and given 5 seconds of sound stimulus (condftioned stimulus) 
and then 1 0 seconds of electrical shock (AC 400V. 0.6 mA). thereby forcing ttiem to learn to avoid the electric shock by 
climbing the pole during the sound stimulus. Each sessfon consisted of 10 sequences of the conditioned stimulus and 
electnc shock at 2-nun intervals. The rats (10 per group) capable of stably showing at least 80% on the avoidance 
response were used for the study of conditioned avoktence response inhibitory action by the compound of the present 
invention. The conditioned avoidance response at 1, 3. 5 and 24 hours after administration of the conpounds of the 
present invention was detennined with the lapse of time and 50% effective amount to inhibrt conditioned avoidance 
response by the compounds of the present invention in each time was determined. As a result of the test. 50% effective 
amount to inhibit the conditioned avoidance response by the compounds of the formula (1) of this invention was not 
more than 20 mg/kg. 

Experimental Example 7: Catalepsy inductfon 

[0608] Groups of 8 male ddY mice (20-30 g. 4 weeks old) were used for the test They were administered with the 
test compounds and the time during wNch the mice could keep putting their fdrelimbs over a bar fixed horizontally at 4 
cm height with a body posture at an angle of 45' (catalepsy time) was measured up to 30 sec maximum at 1 . 3, 5 and 
7 hours after the administration. The strength of the catalepsy inductfon by the test compounds was determined by 
totalling the time at the four determination points at each dose (sum value) and regressively determining the dose that 
made the average time 10 sec. based on which EDiqs values were calculated. As a result of the test, the ED^os value 
of the compounds of the formula (I) of this invention was not less than 100 mg/kg. 

Experimental Example 8: Analysis of intemiediate in oxidatfon by horseradish peroxidase 

so [0609] A solution (10 fiL) of 16 mM inventive compounds in dimethyl sulfoxide, a solution (1 00 jiL) of 5 mM diethyl- 
enetriaminepentaacetic add in phosphate buffer (50 mM. pH 7.4). a solution (100 jiL) of 100 mM glutathione in phos- 
phate buffer (50 mM, pH 7.4). 50 mM phosphate buffer (750 mL) and 5.5-dimethy|.1ijyroline N-oxide (1.1 mL) were 
mixed, and a solution (50 >iL) of 0.5 mg/mL horseradish peroxidase in phosphate buffer (50 mM. pH 7.4) was added. 
The mixture was incubated at 25*C for 4.5 min. The reaction mixture viras subjected to ESR spectroscopy. As a result. 

S5 ft was indicated that the compounds of the formula (I) of this invention did not produce cation radical intemiediate during 
oxidation by horseradish peroxidase. 

[0610J From the above-mentioned Experimental Examples, it is suggested that the compounds of the formula (I) of 
the present invention, partfoulariy. the compounds of the formulas (lA) and (IB), showed anti-metharrphetamine activfty, 
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anti-apomorphine activity, suppression of conditbned avoidance response, suppression of MK-601 -induced neurotox- 
icity, antagonism of MK-801 disaimination and g&ieralization of clozapine disaimination in test animals such as mouse 
and rats, and are useful as antipsychotics. It is also suggested that they cause less side effects on extrapyramidal sys* 
tern such as catal^sy induction. Furthermore, it was demonstrated that the conpounds of the formula (I) of this inven- 
5 tlon did not produce reaction intermediate corresponding to cation radical intermediate, which is possitily involved in 
agranulocytosis induced t3y clozapine, when the reaction intennediate thereof was analyzed using the oxidation by 
horseradish peroxidase analyzed by ESR spectrosoqdy as a model reaction of the metabolism of the inventive com- 
pounds. 

[0611] The compounds of the formula (I) of the present invention, particularly, the compounds of the formulas (lA) 
10 and (IB), are effective for both the positive symptoms and negative synptoms of schizophrenia, are associated with less 
side effects such as extrapyramidal motor disorder and the like, are less associated with serious side effects such as 
agranulocytosis, and are useful as novel antipsychotic agents. These compounds are also useful as therapeutic agents 
for Alzheimer's disease and manic-depressive illness. 

[061 2] In addition, the compounds of the formulas (IIA) and (IIB) are useful as important synthetic intermediates of 
75 the compounds of the formulas (lA) and (IB), respectively 

[0613] This application is based on application Nos. 236700/1997. 277771/1997 and 165725/1998 filed in Japan, 
the contents of which are incorporated hereinto tsy reference. 



Claims 

20 

1 . A condensed thiophene compound of the formula (I) 



25 



30 




wherein 

35 Ra and Rb are the same or different and each is hydrogen, alkyl. cycloalkyi, acyl. alkenyl, aryl. heteroaryl, 
aralkyl. alkoxy, hydroxyalkyl. amtnoalkyl, monoalkylaminoalkyl, dialkylaminoall^l, alkoxyalkyl, acy- 
loxyalkyi, acylaminoall^, halogen, alkyl haltde or nitro, or Ra and Rb in conjunction may form a ben- 
zene ring or cydohexene ring optornlly having substituents R\ wherein R\ R^ are the same or 
different and each is hydrogen, alkyl. alkoxy, hydroxyl or falogen; 

40 X is NH, O. S. SO. SO2 or N-R^ wherein R^ is alkyl. provided that when X is NH. Ra and Rb in conjunc- 

tion form a benzene ring optionally having substituents R\ R^. and when X is S, SO or SO2. Ra and 
Rb in conjunction form a benzene ring or cydohexene ring optionally having substituents R\ R^; 
ring A is a benzene ring having 1 to 4 the same or different substituents thereon selected from the group 
consisting of alkyl, cycloalkyl. alkoxy, alkoxyalkyl. halogen, alkyl halide, nitro. amino, monoalkylemiino. 

45 dialkylamino. acylamino. hydroxyl and cyano or a benzene ring without a suk>stituent; and 

r3 is a group of the formula (1 ). formula (2). formula (3), fommla (26). fbrnrtjla (27), formula (28), formula 

(29) or formula (30) 



50 
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|29» |30| 

30 inthef6rnfttia(l).1ormula(26).formula(27)andformuld(^^^ R^, R^and R^ are the same or different 

and each is fiydrogen. alkyi, cycloalKyl. aryl. heteroaryl. aralkyl. hydroxyallcyt. hydroxyalkaxyali^. 
aminoalkyi, monoalkylaminoall^, dialkylaminoalkyi or all«)xyalkyl and a is an integer of 2-4. in the for- 
mula (2) and formula (28). ^ hydrogen, alkyJ, cydoalkyl. aryl. heteroaryl. aralkyi, hydroxyalkyf, 
hydroxyalkoxyalkyi. aminoayiyl. monoalKylaminoall^. dialkylaminoaikyi, acyi. alkoxycartxmyl or 

35 alKoxyalkyl, b Is 1 or 2. 

provided that the combination of X is O and R^ is aralkyf is excluded and when X Is O, alkyI of alkyI, 
hydroxyall^ or alKoxyalkyl at R^ has 1 to 4 carbon atoms, 

in the formula (3) and formula (29). R^ is hydrogen, alkyl. cydoalkyl, aryl. heteroaryl. aralkyt. hydroxy- 
alkyI, hydroxyalkoxyall^l. aminoalkyl. monoalkylaminoalkyt. dialkylaminoalkyi. acyl, alkoxycarbonyl or 
40 alkoxyalkyl. 

or a pharmaceuticalty acceptable salt thereof or a hydrate thereof. 
2. The condensed thiophene compound of claim 1 , wherein the formula (0 is formula (lA) 

45 



so 




wherein 

X is NH. O. S. SO. SQ2 or N-R^ wherein R^ is alkyI; 
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and are the same or different and each is hydrogen, alkyl. alkoxy, hydroxy! or halogen; 
ring A is a benzene ring having 1 to 4 the same or different substituents thereon selected from the group 

consisting of alkyl. cycloalkyl. alKoxy. alkoxyalkyl. halogen, alkyl hallde, nitro. amino, monoalkylamtno. 

(fialkylamino, acylamino. hydroxy! and cyano or a benzene ring without a substituent; 
ring B is a benzene ring wherein the bond shown by a dotted line and a solid line is a double bond or a 

cyclohexane ring wherein said bond is a single bond, provided that when X is NH. the bond shown by 

a dotted line and a solid line is not a single bond; and 

is a group of the formula (1 formula (2). formula (3). fonnula (26). formula (27). formula (28). fonnula 
(29) or formula (30) 



10 



75 
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30 



35 



^Ai-r,-"" —Cy-^ -/T'^ 

1^1 (2} (3) 

PC) |37| tut 



(29) (30) 



40 In the formula (1 ). formula (26). formula (27) and formula (30). R^. R^ and R^ are the same or different 

and each is hydrogen, alkyl. cydoalkyi. aryl. heteroaryl. aralkyl. hydroxyalkyl. hydroxyalKoxyalkyl. 
aminoalkyi, monoalkylaminoalKyl. dialMaminoalkyI or alkoxyalkyl and a is an integer of 2-4, in the for- 
mula (2) and formula (28). R^ is hydrogen, alkyl. cydoalkyi. aryl. heteroaryl. aralkyl. hydroxyalkyl. 
hydroxyalkoxyatkyi, aminoalkyt. monoalkylaminoalkyi, dialkytaminoalkyi, acyl. alkoxycarbonyl or 

45 alkoxyalkyl. b is 1 or 2. 

in the formula (3) and fonnula (29). is hydrogen, alkyl. cydoalM. aryl. heteroaryl. aralkyl, hydroxy- 
alkyl. hydroxyalkoxyalkyl, aminoall^, monoalkylaminoalkyi. dialkylaminoall^, acyl. alk»xycart)onyl or 
alkoxyalkyl, 

so or a pharmaceutically acceptable salt thereof or a hydrate thereof. 

3. The cond&ised thiophene compound of claim 2. wherein the ring B is a benzene ring wh^ein the bond shown by 
a dotted line and a solid line is a double bond, or a pharmaceutically acceptable salt thereof or a hydrate thereof. 

55 4. The condensed thiophene compound of claim 2. wherein X is NH, O or S, R^ and R^ are the same or different and 
each is hydrogen, halogen, alkoxy or alkyl. the ring A is a benzene ring having 1 to 4 the same or dfferent substit- 
uents thereon selected from the group consisting of alkyl. alkoxy. halogen and alkyl halkie. or a l>enzene ring with- 
out a substituent. the ring B is a benzene ring wherein the bond shown kiy a dotted line and a solid fine is a double 
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bond, and is a group of the formula (2) wherein is hydroxyalkoxyalkyi. methyl or ethyl and b is 1, or a phar- 
maceuticaliy acceptable salt thereof or a hydrate thereof. 

5. The condensed thiophene compound of claim 2, wherein X is NH, R** and R^ are the same or different and each is 
5 hydrogen, halogen, alkoxy or alkyi, the ring A is a benzene ring having 1 to 4 the same or different suk)Stituents ther* 

eon selected from the group consisting o1 alkyl, alkoxy, halogen and alkyl haiide, or a benzene ring without a sub- 
stituent the ring B is a benzene ring wherein the bond shown by a dotted line and a solid line is a double bond, and 
R^ is a group of the formula (2) wherein is nnethyl or ethyl and b is 1, or a pharmaceutically acceptable salt 
thereof or a hydrate thereof. 

10 

6. The condensed thiophene compound of dalm 2, which is a member selected from the group consisting of 

l2-(4-methylpiperazin-i-yl)-6H-[l]benzothieno[2.3-b]t1.5Jben2odiazepine, 
B-ftuoro-12-(4-methylpiperazin*1-yl]-6H-[1]benzothieno[2.3-b][1.5|t>enzodiazepine 
15 8-methy)-12-(4Hnethyfpiperazin-1-yi)-6H*{1]benzolNeno[2»3^^ .Sjbenzodiazepine, 

8K4iloro-12-(4-methylpperazin-1-yl)-6H-[1]benzotNeno[2,3-b][1.5Ibenz^^ 

8- bromo-1 2-(4-metli^iperazin-1 -yO-6H-[1)>enzothieno[2.3-b][1 .^benzodiazepine. 

9- fluoro-12-{4-metfiylpipera2in-1-yl)-6H-[1]ben2othieno[2,3-b][1,5]benzodlazepine. 
9-methyl-12-(4HTriethylpipera2in-1-yl)-6H-[1]benzothienoI2,3-b][1,qbenzodiazepine 

20 9-chloro-1 2-(4-methylpiperazin-1 -yl)-6H-[1 ]benzothienoI2,3-bJI1 ,51benzodjazepine, 

9-bromo-1 2-(4-m6thylpiperazin-1 -yO-6H*[1 ]benzothieno[2,3-b][1 .SJbenzodiazepine, 
9-methQxy-12-(4-methylpiperazin-1-yl)-6H-[1]b6nzothieno[2,3-b]I1,5]benzodiazepi 

8.9- difluoro-1 2-(4-methylpiperazin- 1 -yl)-6H-[1 ]benzothieno|2.3-b][1 ,5]benzodiazepine, 

6.10- dif Iuoro-1 2*(4-methyt>iperazin-l -yl)-6H-[1]benzothteno|2,3-b][1 .SJbenzodiazepine. 
25 3-meth^-1 2-(4-methylpiperazin-1 -yl)-6H-{1 It)enzothieno[2,3-b)[1 .^benzodiazepine. 

8-f luoro-3-methyl- 1 2-(4-methylpipera2in-1 -yl)-€H-{1 ]benzolhieno[2.3-b][1 .^benzodiazepine, 

2- methyl-1 2-(4*methylpiperazin-1 -yO-6H-[1]benzothieno[2.3-b][1 .5]benzodiazepine. 
84luoro-2-methyl-12-(4-methylpiperaztn-1-yl)-6H4l]benzothieno[2.3-b][1.Q]benzodiaze^ 

3- methoxy-12-(4-me(hylpiperazin-1 -yO-6H-[1]benzothieno(2,3-b][1 .benzodiazepine. 

30 B-f luoro-3-methoxy-1 2-(4"methy tpiperazin- 1 -yl]-6H-[l ]benzothieno[2.3-b][1 .SP)enzodiazeplne 

8.9-dtchloro-1 2-(4-methylpiperazin- 1 •yl)-6H-[1 ]benzothieno[2,3-b][1 .5]benzodiazepine, 
7,8-dichloro-12-(4-methylpipera2in-1-yl)-6H-[1]benzcthieno[2,34)]t1,5]^^^ 
3-bromo-8-f luoro- 1 2-(4-methylpipera2in-1 -yl)-6H-[1 ]benzothieno[2.3-b][1 ,51benzodiazepine, 
3-f luoro-12-(4-methylpiperazin-1 -yl)-6H-(1 ]benzothieno[2,3-b][1 .Sjbeizodiazepine. 

35 3-chloro-12-(4-methyipiperazin-1 -yO-6H-[1]benzothieno[2.3-b][1 .SJbenzodiazepine^ 

1-melhyl-12-(4-n)etfylpiperazin-1-yl)-6H^1Jbenzothieno[2,343][1.5^ 
4Hnethyt-12-(4-metfvtpipe^in-1-yO'6H-{1]benzothienQ[2,3>b][1.^^ 
3.8Kfifluoro-12-(4-methylpiperazln-1-yl)-6H-{1]benzothieno[2.3-b][1.5]b^ 
3-f luoro-8-methyl- 1 2-(4-methytpiperazin-1 •yl)-6H-[1 ]t:>enzothieno[2,3-b]{1 .gt>enzodiazepine and 

40 1 2-(4-ethylpiperazin-l -yl)-8'f luoro-6H-[1]benzothieno[2,3-b][1 ,5]benzodiazepine or a pharmaceutically accept- 

able salt thereof or a hydrate thereof. 

7. A pharmaceutical agent comprteing a condensed thiophene compound of claim 2, a pharmaceutically acceptable 
salt thereof or a hydrate thereof. 

45 

8. The pharmaceutical agent of daim 7. which is an antipsychotic agent 

9. A pharmaceutical composition comprising a condensed thiophene compound of daim 2, a pharmaceutically 
acceptable salt thereof or a hydrate thereof, and a pharmaceutically acceptable additiva 

so 

ia A benzothiophene compound of the formula (IIA) 
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(HA) 



10 

wherein 



X is NH. O, S. SO, SO2 or N-R^ wherein is alkyi; 

IS and R^ are the same or different and each is hydrogen, alkyl. alKoxy, hydroxyl or halogen; 

ring A is a benzene ring having 1 to 4 the same or different substituents thereon selected from the group 
consisting of afkyi, cycloalkyi, alkoxy, alkoxyalkyi, halogen, alkyl halide, nitro, amino, monoalkylamino. 
dialkyiamino, acyfamino, hydroxyl and cyano or a benzene ring without a substituent; and 
ring B is a benzene ring wherein the bond shown by a dotted line and a solid line is a double bond or a 
so cydohexane ring wherein said boid is a single bond, 

provided that when X is NH, the bond shown by a dotted line and a sofid line is not a single bond. 

1 1 . The benzothiophene compound of claim 1 0, wherein X is NH. O or S, R^ and are the same or different and each 
is hydrogen, halogen, altaxy or alkyl. the ring A is a benzene ring having 1 to 4 the same or different substituents 
25 thereon selected from the group consisting of alkyl. alkoxy. halogen, hydroxyl and alkyl halide. or a benzene ring 
without a substituent. and the ring B is a benzene ring wherein the bond shown by a dotted line and a solid line is 
a double bond or a cyclohexane ring wherein said bond is a single bond, provided that when X is NH, the bond 
shown by a dotted One and a solid line is not a single bond. 

30 12. The benzothiophene compound of daim 10, which Is a member selected from the group consisting of 

6H-[1]benzothieno[2.3-blI1 .5]benzodiazepin-12(11 H)-one. 
8-fluoro-6H-[l]benzothieno[2.3-b][1 .5]benzodiazepin-12(1 1 H)-one, 
8-chloro-6H-[1 |benzothieno[2.3-b][1 .5Ibenzodiazepin-1 2(11 H)-one. 
35 8-bromo-6H-[1]benzothieno[2.3-b][1 ,^benzodiazepin-12(1 1 H)-one. 

8- methyl-6H-[1 ]benzothienc^,3-b][1 .^enzodiazepin-12(1 1 KQ-one. 

9- fluorD-6H-[1]benzothieno[2,3-b][1 ,5Ibenzodiazepin-1 2(1 1 H)-one, 
9-chloro^H-[1 JbenzolhienoI2,3-bI[1 .5Ibenzodiazepin-1 2(1 1 H)-one, 
94)romo-6H-[1]benzothieno[2.3-bIIl.qbenzodiaz^n-12(llH)-one. 

40 9-methyl-6H-[i]benzothieno[2.3-b][l ,5]benzodiazepin-12(ll H)-one, 

9-methQxy-6H-(l]benzothieno[2.3-b]Il .5]benzodiazepin-l2(1 1H)-one, 

8.9<lifluoro-6H-[1]benzothieno[2,3-b][1.5]benzodiazepin-12(11H)-one, 

3-methyl-6H-[1 Ibenzothieno[2.3-bni .5]benzodtazepin-1 2(1 1 H)-one, 

84luoro-3-methyl-6H-{1]benzothienoI2.3-b][1 .5|benzodiazepin*1 2(1 1 H)-one, 
45 3-m€thoxy-6H-[1 ]benzothieno[2.3-b][1 ,5lbenzodiazepin-1 2( 1 1 H)-one, 

8'fluoro-3*methoxy*6H-[1 ]benzothieno[2,3-b][1 .5Ibenzodiazepin-1 2( 1 1 H)-one. 

2-methyi-6H-(1Jbenzothreno[2.3-b][1.5lbenzodiazepin-12(11H)-one. 

8-f luoro-2-methyl-6H-[1]benzothieno[2,3-bII1 .SJbenzodiazepin-l 2(1 1 H)-one, 

3,9-dim6thyl-6H-[1]benzothieno[2,3-b]I1.S]benzodiazepin-12(l 1 H)-one. 
so 1 ,2.3,4-t6trahydro-ll]benzothieno[2.3-b][1 ,5]benzQxazepin-1 2(1 1 H)<one, 

1 ,2.3.4-tetrah^ro-8-methyl-[1]benzothieno[2,3-b][1 .SJbenzoxazepin-l 2(1 1 H)-one. 

8-fluoro-1.2.3.4-tetrahydn>[1]benzothieno[2.3-b][1 .5]benzoxazepin-12(11H)-one. 

[1 ]benzothieno[2,3-b][1 .5]benzoxazepin-1 2( 1 1 H)-one. 

8-methyl-[1]benzothieno[2.3-b][1.5]benzoxazepin-12(11H)-one. 
ss 8-fluoro-[1Ibenzothieno[2,3-b][1 ,5Jbenzoxazepin-12(1 1 H)-one, 

1 ,2,3,4-tetrahydro-[1]benzothjeno[2,3-b][1 ,5|benzothiazepin-12(l 1 H)-one, 

1 ,2,3,4-tetrahydro-8-methyl-(1]benzothieno^,3-b][1 ,9benzothiazepln-12(1 1 H)-one. 

8-fluoro-l ,2,3.4-tetrahydro-[1 ]benzothieno[2,3-b]I1 .Siibenzothiazepln-1 2(1 1 H)K)ne. 
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[1]benzotf«eno[2,3-b][1 ,5]benzothiazepin-12(1 1 H)-one. 
8inethyt-[1]benzothieno[2.3-b][1 .5]benzothiazepin-t 2(1 1 H)-one. 

8- fluoro-[1]benzothieno[2,3-b][1 ,5)benzc>thiazepin-12(llH)-one. 
8,9-dichloro-6H-[1]benzothieno{2,3-b][1 ,5]benzodiazepln-12(1 1 H)>one. 

5 7,8-clichloro-6H-[11benzothieno[2,3-b][l .5Jbenzodiazepin-12(1 1 H)-one. 

9- trifluoromethyl-6H-(1]ben2othieno[2.3-bI[1 ,5]benzocliazepin-12(1 1 H)-one. 
3-bromo-B-fluoro-6H-I1]ben2othieno[2.3-b][1 ,5|ben2ocliazepin-12(l 1H)-one, 
&-methyl-[1]benzothieno[2,3-b][1 ,5|benzodiazepin-12(l 1 H)-one. 

3- fluoio-6H-[l]benzothieno[2.3-b][1.5|ben2odiazepin'l2(11H)-one. 
10 3-chloro-6H-[1]benzothieno|2,3-b[1 .5|benzodiazepin- 1 2(11 H)^ne, 

1 -melhyl-€H-[l]benzothieno[2.3-b][i .5]benzodia2epin-l2(li H)-one, 

4- methy!-6H-[l]benzothieno[2.3-b][l ,5]benzodiazepin-12(1 1 H)-one. 
3.8-cfifluoro-6H-[1]benzothieno[2,3-b][1.5]ben20Cliazepin-l2(l 1 H)-one and 
3-f luoro-8-methyl-6H-I1]benzothieno[2,3-b][1 .qbenzodiazepin-l 2(1 1 H)-one. 

IS 

13. The condensed thiophene compound of ctaim 1, wherein the formula (I) is formula (IB) 




wherein 

30 Ra' and Rb' are the same or different and each is hydrogen, alkyl. cycloaikyl. acyl. alkenyl. aryl. heteroaryl, 

aralkyl. alkoxy, hydroxyalkyl. aminoalkyl. monoalkylamtnoaJkyl. dialMaminoallQfl. alkoxyalkyt, acy- 

iQxyalkyl, acyiaminoalkyl. halogen, alkyl halkfe or nitro, and 
mg A is a benzene ring having 1 to 4 the same or different substituents thereon selected from the group 

consisting of alkyl. cycloalkyi, alkoxy. aJkoxyalkyI, halogen, alkyl halide. nitro, amino, 
35 monoalkylamino, dialkylamino. acylamino, hydroxyl and cyano or a k>enzene ring without a substit- 

uent;and 

is a group of the fomiJa (1). formula (2). formula (3). formula (26). formula (27). formula (28). for- 
mula (29) or formula (30) 
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(26) (27) (28) 

/T\ R\ 




30 in the formula (1), formula (26). formula (27) and formula (30). R^. and are the same or dif- 

ferent and each is hydrogen, all^l, cydoalky). aryi, heteroaryl. aralkyl. hydroxyalkyt. hydroxyalkoxy- 
alkyf. aminoalkyl. monoalkylaminoalkyl. dialkylaminoalkyl or alko)(yalkyl and a is an integer of 2-4, 
in the formula (2) and formula (28). is hydrogen, alKyl having 1 to 4 carbon atoms, cydoalkyi, 
hydroxyalkyi having 1 to 4 cartwn atoms. hydraxya!koxyalkyl, aminoalkyl. monoalkylaminoalkyi, 

35 diallcylamjnoalkyl. acyl. alkoxycart>onyl or alKoxyalkyl wherein alKyl having 1 to 4 carton atoms is 

substitutd by alkoxy, and b is 1 or 2. In the formula (3) and formula (29), R^ is hydrogen, alkyl. 
cydoalkyi. aryl. heteroaryl. aralkyl, hydroxyall^. hydroxyalkoxyalkyl. aminoalkyl, monoalkylami- 
noalkyi, dialkylaminoalkyl. acyl. alkQxycart)onyl or alkoxyaU^I. 

40 or a pharmaceutically acceptable salt thereof or a hydrate thereof. 

14. The condensed thiophene compound of claim 13, wherein Ra' and Rb* are the same or different and each is hydro- 
gen or alkyl, the ring A is a benzene ring having 1 to 4 the same or different 5ut>stituents thereon selected from the 
group consisting of alkyl, alKoxy, halogen and alkyl halide, or a benzene ring without a substituent, and R^ is a 

45 group of the formula (2) wherein is hydroxyalkoxyalkyl, methyl or ethyl and b is 1 , 
or a phanmaceuticaliy acceptatiie salt thereof or a hydrate thereof. 

15. The condensed thiophene compound of claim 13. wherein Ra* is alkyl, Rb* is hydrogen or alkyl, the ring A is a ben- 
zene ring having one substituent thereon selected from the group consisting of alkyl, alkoxy and halogen, or a ben* 

so zene ring without a substituent. and R^ is a group of the fonnula (2) wherein R^ is methyl and b is 1 , 
or a pharmaceutically acceptable salt thereof or a hydrate thereof. 

1 6. The condensed thiophene compound of claim 1 3, which is a member selected from the group consisting of 

ss 2-methyl-4-(4-methylpiperazin-1 *yl)thieno[2,3-b][1 .5]benzoxazepine, 

2-ethyl-4-(4*methylpiperaz(n-1-yOthieno[2,3-b][1.5Ib6n20xa2eptne. 
2.8-dimethyl-4-(4-methy|piperazin-1 -yl)thieno[2,3-b]{1 ,5]benzoxazepine. 
8-m^hoxy-2-methyl-4-(4-methylpiperazin-1 -yl)thierio[2,3-b][1 ,5]benzoxazepine. 
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2.6-cfimethyl-4-(4-methylpipera2in.1 -yl)thieno[2.345l[1 .SJbenzoxazepine. 
2.9-dimelhyl"4-(4-methylplpera2in-1 -yl)thieno[2,3-b]t1 .SJbenzoxazepine, 
2.3-climethyl-4-(4-methylpipera2ln-1 -yl)thienot2,3-bl[1 .5|benzoxazepine. 
8-chloro-2-me%l-4-(4-methylpiperazin-1 -yl)thienop,3-b][1 .SJbenzoxazepine and 
s 84lu<>K>-2-m8myl-4-{4-methy?pipera2in-1 -yl)thieno[2,3-bl[1 .SJbenzoxazepine 

or a phannaceuticalty acceptable salt thereof or a hydrate thereof. 

1 7. A pharmaceutical agent comprising a condensed thiophene compound of claim 13. a pharmaceutically acceptable 
salt thereof or a hydrate thereof. 

TO 

ia The pharmaceutical agent of daim 17, wNch is an antipsychotic agent. 

19- A pharmaceutical composition conpising a condereed thiophene compound of claim 13. a pharmaceutically 
acceptable salt thereof or a hydrate thereof, and a pharmaceutically acceptable additive. 

20. A thienot>enzoxazepinone compound of the formula (ilB) 



20 




wherein 

30 Ra' and Rb' are the same or different and each is hydrogen, alkyl. cydoalkyl. acyl, alkenyl. aryl. heteroaryl. 

aralkyl. alkaxy, hydroxyalkyl. aminoalkyl. monoalkylaminoalkyl. dialkylaminoalkyl. alkoxyalkyl. acy- 
loxyalkyl. acylamlnoalkyl. halogen, alkyl halide or nitro; and 
ring A is a benzene ring having 1 to 4 the same or different substituents thereon selected from the group 

consisting of alkyl. cycloalkyl, alkoxy. alkoxyalkyl. halogen, alkyl halide. nitro. amino, 
monoalkylamino. dialkylamino. acylamina hydroxy! and cyano or a benzene ring without a substit- 
uent 



35 



21. The thienobenzQxazepinone compound of daim 20. wherein Ra' and Rb* are the same or different and each is 
hydrogen or alkyl. and the ring A is a benzene ring having 1 to 4the same or different substituents thereon selected 

40 from the group consisting of alkyl. alkoxy, halogen, hydroxyl and alkyl halide. or a benzene ring without a substitu- 
ent 

22. The thienobenzoxazepinone conpound of daim 20. which is a member selected from the group consisting of 

45 2-methyfthieno[2,3-b][1 .51benzoxa2epin-4(5H)-one. 

2.3-dimethylthieno[2,3-bHl.5]benzoxazepin-4(5H)-one. 

2,8-dlmethylthieno[2,3-bI1.5]benzoxazepin-4(5H)-one. 

8<hloro-2-methylthienoI2.3-b][1.5]benzoxazepin-4(SH)-one, 

8-fluoro-2-methylthieno[2.3-b][1.qbenz€»cazepin.4(5H).one. 
so B-melho)(y-2-melhylthieno[2.3-bH1.5Ibenzoxazepin^(5H)^ne, 

2.6-dimethylthleno[2.3-b]I1.5]ben2oxazepin-4(5H)-one. 

2.Mimethylthieno[2.3'b][l .5]benzoxazepin-4(5H)-one and 

2-ethylthieno[2.3-b][1 .gbenzoxazepin-4(5H)-one. 

55 
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